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ADDE ICI DA

Significant improvements have been made to the ASM/EDT
program which comes with this patKage. These changes are

not reflected in the booK, Inside the VIC. Please refer to
the fallowing guide for information on the changes in the

procedures for using the tools. The instructions in Chapter
0 on using the tools and in Chapter 18 on the specifications

for the assembly language statements need to be modified

somewhat due to the upgrades in the product. The sample
program presented ire Chapter 6 will still worK without
modification.

Insert mode

Insert mode is now simpler to use. In the previous version

and as described in the booK, it was necessary to tell the

program how many lines were to be inserted into your
assembly language program before beginning to insert. In
the current version, once insert mode is selected (by
selecting option "I" of the menu) you will be asKed for the

line number of the statement after which you wish to begin
inserition. CIpon answering, the program will automatically
insert all subsequent entrys at the specified point in the
program. This way> a b1ocK of statements may be inserted

into the middle of your assembly language program. Insert
made i5 terminated by entering a b1anK line in the edit
window {hitting return with nothing else on the line). Upon

termination, the menu will re-appear as usual. As before,
it is possible to insert at the beginning of the program by
specifying line # 8 as the "INSERT AFTER" line. Appending

statements on the end of the program is done by specifying

the last line number of your program.

Kodify mode

Modify made is also now easier to use. The previous means
of modifying a program required entering modify mode for



each lire you wanted to modify. Now, once modify mode is
entered and the starting line of modification is specified,
tf~e first line will appear ire the edit window fir
modification. You may maKe modifications or not, hitting
return when the statement is to your liking. Then the ne>;t
sequential line will appear for modification. Again, modify
it or not as you see fit. Hitting return will cause the
line as it appears to replace the previous version of it in
the assembly language program. Ta escape from modify made
it is necessary to enter a back slash t/) as the first
character of the line. This will exit you to the menu.
While maKing modifications, a block of lines will appear
below the edit wir+dow with the line to be modified in the
middle of the block.

Delete and Print modes

The only change to both of these modes is that the prompt
for how much to delete or print is now "START,END~?". Simply
specify the starting and ending line number o4 the lines to
print/delete. In print mode: as before, to continue
printing another block of lines, hit return when the menu
appears and the next blaclt of lines will be automatically
printed.

Assembly language specifications

Some additions and improvements have been made to the
assembly language.

Most-significant and least-significant address byte
specification

Any address e>:pression which appears in are operand field
of and instruction may be preceeded 6y a F or a <:: character.
The result will be the most-significant and the least-
significant bytes respectively o+ the e;~pressed address.

For example, if the instruction: LI?A #:>fiG3F is assembled it



would be equivalent to assembling LDA #biC. LiKewise if

the instruction: LDA #<-:SiC3~ were to be assembled it would
be equivalent to assemhling LDA #S3F.

For the BYT instruction, tree use of the :% and <; symbols
preceeding an address expression will cause the generation a
single byte of data corresponding to the high and low bytes
respectively of the address e:,pression. The previous
version of the assembler allowed the capability of
expressing the least-significant byte of an address by
preceeding the expression with the #symbol. This is no
longer operative as it has been replaced with the <;.

Logical AND and logical OR

The restrictions upon the use of these two operators within
address expression has been removed. The &and 90 operators
may now be used without regard to the magnitude of the terms

being ANDed ar ORed. Please disregard the discussion on
page 18-7 which dea15 with this restriction and the means of
avoiding the problem.

New comment statement

Comments may now be entered into the program as separate

statements. If the first character of any assembly program
statement is a ;the entire line will be treated as a
comment. Comments will appear in all listings but have no
effect an the operation of the program. Comments are still

allowed on individual instructions by preceeding the comment

field with a space.
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This booK has been written both as a general purpose VIC 2@
and 6582 microprocessor tutorial and as a specific complement to and
guide for the use of a set of software tools. The tools, along with
this booK comprise Develop-20> a product of French 5i1K. 4Jhile this
booK is certainly useful by itself, its value may be magnified
considerably when used in conjunction with the other tools. The five
software tools are The Assembler, The Editor, The Loader, The Monitor
and The Decoder. Each of the tools is described in detail in the
second section of this text. Cassette tape is the usual distribution
media for the tools. However, a disK version is also available as is
an extended feature version. Included in the bacK of this booK is an
exchange offer for those who wish to upgrade their toolKit.

This booK is designed to satisfy the needs of programmers of
several levels of experience, including the very inexperienced. It is
written in three sections.

The first section gives a detailed looK at the architecture of
the b582 microprocessor. Its addressing modes. register set and
instruction set are examined. The nature and structure of data is
also explored. The introduction to assembly language is presented in
this section.

The second section is directed at providing information on the
use of the software tools which are an integral part of this package.
It will bring you step by step through the mechanics of creating,
modifying, running and debugging your programs.

The third section is very VIC-specific. It provides the
information which is necessary to utilize the VIC's built-in programs.
It presvides memory maps of all of the VIC's BASIC operating system
along with the information as to how to use some of the built-in
programs. It will tell you how to build custom characters and how to
maKe auto-start cartridges and to program for gamy paddles, ,joysticks,
bit-image graphics and to make sound effects. The appendixes contain
additional information on the b582 and the VIC along with some useful
tables and sample programs.

None of the programs in the Develop-29 Kit are protected,
so you may maKe copies for your own use. Irtfcrmation is provided in
Chapter b on making backup copies a4 the software tools. You are
encouraged to do this as soon as possible so as to identify any
problems with the magnetic media within the thirty day warranty
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period. With the exception of The Loader, you do not have our
permission to remove the copyright notice from the copies or the
original. It is specifically prohibited to maKe copies for resale or
for distribution to friends, relatives: associates or anyone else. We
hope you will respect the legal and ethical restrictions which apply
to the theft of software, both ours and everyone else's. While this
product provides tools which maKe such unscrupulous activities easier
to accomplish, it is not the intent of French 5i1{c that you use these
tools for this use. We oppose and wish to very strongly discourage
the pirating of software. We would also IiKe to point out that there
are severe penal#ies associated with copyright violation including
fines up to SSA,888 and imprisonment of up to one year not to mention
civil liability. Yn the interest of promoting the continued
development of high-quality and low-cost software the consumer must
play his and her roles in helping eliminate this source of revenue
lass to the software developer. And, as a final argument, you, the
owner of this Kit are now a member of the community of software
developers. I# is in all our interests to heap discourage the
continued growth of this problem. ThanK you.

Many people enquire as to the origin of the name French Siik.
There are several roots. The very first machine Known to have been
invented on planet Earth with the ability to contain a stored and
modifiable program to control its operation was invented in 1884 by
the French si1K weaver: Joseph-Marie Charles Jacquard. It was Known
as the Jacquard loom and its programs were encoded as a series of
punched holes on paper cards, the dominant means of program storage
for the next 178 years. The invention enabled the creation of
treautiful and intricate patterns in the finest fabric Known to man and
was the precursor of the modern computer. The final, forcing factor
in the selection of the name was the combination of the founder`s
surname and his descendency from a line of si1K weavers. (The
coincidental existence of a delicious and rich confection by the same
name had really very little to do with it).

The author would liKe to express thanKs to Jim Butterfield and
Tom Court for their helpful suggestions and criticisms of the early
versions of this text.
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Tt~t 6502 — A Dats Processor

As this Itit is focusQd on the development of software through
the creative use of machine language, it will be necessary to first
understand the machine before learning itsianguage.

You're probably aware that there is somthing inside the case
of the VIC-2A which is itnown as the 6582 microprocessor. This is the
heart of the VIC. It is also the hear# 04 the Apple, the Atari, the
PET, KIM, AIK, SYAl, 05I and a 4ew other microcompu#ers. It is a
product of MOS Technology, a wholly owned subsidiary of Commodore
Business Machines.

The 6562 is an integrated circuit. That is, it is a single
chip of silicon which has built into it, sort of liKe etched onto it,
the electronic circuitry which connects thousands of microscopically
small electronic components. These components are deposited on the
silica► by some marvel of modern technology which is beyond the scope
of this text. We won't go into how the electronics are created or how
they function electronically. We are interested here in how to use
#his machine and how it fits into the environment of the VIC-29
personal computer.

The piece of silicon called the 6582 is pacKaged in a piece o4
plastic or ceramic material about one inch by two inches. It has 48
little bug-liKe legs celled pins whicfi connect the internal circuitry
to the outside world. These pins plug into a circuit board which has
othfr similar sppearing chips of si3icon~ each with its own set of
pins ar~d its own internal characteristics. different from the
characteristics of the 6582. Each of the chips has its own specific
function and together they are combined, through their connecting pins
and the circuit etched on the printed circuit board into which they
are plugged, to maKe a microcomputer.

This will become more and more clear as we describe what each
of the component chips are for and how they worK and how they
communicate with one another. The description o4 the functional
characteristics of the 6582 will completely define the processor from
the programmer`s standpoint. The electrical or electronic
characteristics are of no interest to ug as we have no need to
ex~derstand the machine at that level.

The b5B2 is a data processor. It is a machine which performs
simple operations of data manipulation under the ca~ttrol of a stored
program. Hoth the data and the program are stored in memory devices
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~Nhich are integrated cirr~its electricaii;; connected to the o50~.
Programs are a special class of data and we will e>:plain programs
after we discuss data in a more general sense.

Data is information. It can be the balance of your checking
account or the grade your physics teacher gave ~~ou or the position of

PP.0-MAN on your video screen. Information, as it is storeti inside the
computer's memory devices is coded by a special set of simple rules.
Memory devices are composed of thousands of cells, ar storage
locations, where the data is kept. Each cell is composed of eight

switche=_ which can tie #urned either an ar off. 41hen the letter "A" is

pressed on the keyboard o4 your VIC, some electronic circuitry will

automatically create a pattern of eight switch settings which is
uniquely identified as the pattern for the letter "A". This is the

code for "P.". Every character has its awn code and it is different

from all the other character's codes. There are only 25ci different
unique codes which tan be cCnstructed from eight switch settings.
There are therefore only L56 possible different characters which can

be represented and stored ire the memory chips of the VIC. That's
sufficient to handle A-Z, 8-9, all the special characters and the

graphics characters.
These switches are usually called "bits". Bit is short far

binary digit. A digit ma~~ have i~ possible values, 0-9. A bit may
have two possible values, 8-i. P, bit whicf, is turned on may be
thought of as having the value of i and if it is off, it is a 8. So
charatters are re~,reser~ted a= a string of eight bits with bit values
of either 0 or i. The actual bit string for the letter "A" is

01800881. The ceding scheme used is an international standard called

ASCII: which stands for American Standard Cade for Information

Interchange.
The 6502's data link with the memory devices is called the data

bus. This is nothing mare than a set of eight lines, or electrical

connections, between the memory chips and the b582. When the 6582,
under control of a program, wishes to either transfer data to or from
a memory device, i± sends an electrical signal on the R/W tRead/Write)
line, telling the device which direction the data is to g~. Since the
memory device tan store thousands of characters of data, it is
necessary for the b50~ to tell it which storage location it wishes to
get data from ar send it to. It does this through another set of
elects ical connections called the address bus. Every storage cell
within the memory device has a unique address associated with it and
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when the signal comes to do a data transfer, the memory deviee is
designed to use the information sent on the address bus to Know which
cell is being selected. Each data cell holds eight faits of
information. This basic unit of data, called a hyte, is transferred
all at once along the eight parallel electrical connections Known
collectively as the data bus.

The address bus is very similar to the data bus except it has
sixteen parallel electrical connectors. LiKe the data bus, the address
bus information is coded in binary. That is, each of the si>;teen
lines may have only one of two possible states, a 0 or a i, presQnted
to the devices as 8 ar +5 volts. The buses are connected directly to
the pins which go inside the plastic pacKage and connect to the
in#ernal microcircuitry on the silicon chips. The sixteen bit addrESs
bus allows for 6553b different addressable memory locations where dada
may be stored.

Finally, there is a control bus which contains lines which
help to control the various chips in the VIC. The R/W Iine mentioned
above is one of the control signals. With the exception of the
in#errupt lines, discussed later, we don't need to Know much about the
control bus.

because the b50~ trans4ers and processes data eight bits at a
time, it is Known as an eight bit parallel processor. Thy next chapter
will go into more detail on the format of the data as it is stored in
the memory devices.

Memory devices come in two basic varieties as of this writing.
RQM is read-only memory. When the power is turned off ROM doesn't
lose its conten#s. ROM is a Kind of chip which may be "Read" but
not written to, Its contents are "burned-in" at the factory. There
is a similar kind of memory device called a PROM which stands for
Programmable ROM and it may be modified by a special piece of hardware
called a PROM programmer. It must be erased by shining an intense
ultraviolet light on its top surface for some prescribed length of
time.

Bath of these differ from the other main kind of memory device
which is called RAM. RAM is badly misnamed. It should be celled MO~i
for MQdifyable Memory ar f2AW for Read And Write. RAM stands for
Random Access Memory, which means you can extract data from it in any
sequence you want. The same thing is true of all currently availaole
types of memory, including ROM.

Anyway, the differences between RAM and RQM is that a program
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can write to RAM and charge its contents and when the power is turned
off the con#ents of RAM are last. whereas ROM canna be modified by
any grogram under an~~ circumsatances and when the power is turned aff,
the contents of ROM are Kept intact, In the VIC, all of the operating
system programs and the FiASiC interpreter are ire R4M. That is why you
can run BASF programs as soon as ~~ou tern the machine on, without
having #a Ioad anything from tape ~r disK.
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Bits. Binary digits. Its actvali~ a contradiction in terms.
Binary means it can have two possible values. Digit implies ten.

The bit is the most basic unit of information. It is the
foundation of all other more complex information formats. It is the
only Kind of information which may be stored in a "digital" eomputer.
A bit may have the value of either one or zero. A byte is a grouping
of eight bits. The 4582 is called an eight-bit microprocessor. This
is because it processes and stores data eight bits at a time. It is
more convienient for the purpose of understanding the nature of
Computer data to breaK the eight bits into two four bi± sections,
called nybbles.

There are exactly sixteen unique four-bit combinations of ones
and zeros such that no twa arrangements are aliKe. There is a common
shorthand natation for identifying these sixteen patterns. It goes
liKe this:

8421 8421 8421 ~i~21

9060=~ ~10~=4 1006=8 1109=C
9k~~i=1 0181=5 1001=9 1191=G
~01~=2 0110=6 10107=A 1116=E
0811=3 8111=7 1011=8 1111=F

It's a convienient shorthand system because it is easy to
remember. It simply numbers the patterns from @ to i5, except, in
keeping with the idea of using a one character code far each pattern,
the numbers i@-i5 are called A-F. So} pattern 12 is called "C" and 15
is "F'", etc. It's got another advantage too. The shorthand label
system has an order which maKes it easy to remember. if the left-most
bit position may be considered to nave the value of ~; and the next
position, the value 4; and the next, ~; and the last, one= then the
Dit pat#erns may be converted to their labels by adding the bit values
of the individual bit positions. For example= 1018 has a i in the ~
position, a 0 in the 4 position, a i in the 2 position, and a 8 in the
! position. So its label is "A" because u + 2 = i0 and "A" is the
code for i@. LiKewise: 0110 is labeled "6" because it has na r, one
4, one 2 and no 1.
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The leftmost bit position is called the "mast-significant" Isit
because it has the greatest bit value. It is also called the "high-
order" bit. Likewise, the righ#mast hit is the "least significant" or
"law-order bit".

Nate that all the odd numbers have a one in +_he rightmost bit
position, Ali the even numbers, a zero

You can now see that the shorthand notation for identifying a
four hit data field is very logical and it is not hard to convert bacK
and forth between the bit patterns and the pa#tern code. This is
important because as machine language programmers, we have to end up
wQr4ti;~g a lit with bits. This is because the 6582 and ali of the
memory devices store and worK with a12 data coded as bits.

The addresses of where data is located within a memory device
is liKewise represented and transferred on the address bus in bits.

Now, since data is stored and retrieved to and from the memory
ded•ices eight bits at a time t tolled a byte of data 1, it taxes two
shorthand codes to describe the bit content of the data. Q byte of
data which has a bit structure of 118@ 0106 would be identified as
having the two-character code of "C4". The bit structure of the code
for the letter "A" would be "4!" because the bit pattern assigned to
"A'° in the ASCII coding scheme is X190 9881. It's helpful to sit with
a pencil and paper and write out bit patterns and figure out what
their codes are. You should also start with tF~e codes 0-F and convert
bark to bit patterns.

That there are ~5b ways to represent eight bits is obvious
from the fact that there are sixteen possible first characters of the
two character code which identifies an eight-bit pat#ern and sixteen
possible second characters. And ib times to = 256. If we wanted a
byte of data to represent a numeric value ins#ead of an ASCII coded
character, we can see that it could represent any value between 0 and
255. The 6582 does, in fact, sometimes treat data as if it is numeric
instead of character da#a. Using the same two-character code to
identify en ~ bit pattern, we can convert between the numeric value
and the two-character code quite easily. Far example, to convert from
"Ab" tv its numeric value, we would multiply 1@ times 2b t "A" = 18 )
and add 6 to give 16b. LiKewise, to convert "4F" to numeric we would
multiply 4 times !d and add 15 t "F" = 15) to give 79. It's easy to
see that the maximum value of "FF" = 15 times 16, (24@) plus 15 to
give 255. Of course, the minimum would he "80" which is (8 times 16?
plus @.
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How about going the other way? If we want to create the hit
pattern 4or some number in the range of 8 - 255, we only have to
divide the number by i6 to get the first character of the code
!remember to translate !8 thru 15 to A thru F). Then the remainder of
the division is the second character. How to get the bit pattern we
just IooK it up in the little bit pattern table. Put the first four-
bit pattern together with the second and you have an eight bit pattern
which represents the numeric value. Not hard at ali. Lets try it
with a few numbers. TaKe the number 169. How many times does 16 go
into !69? Right. And how is that represented in our single character
code? As the letter "A". The remainder from dividing ib9 by 16 is 9.
Sa our character-code representation of i69 is "A9" and i4 we ga to
the bit pattern table, we will see that the bit patterns are 1018
ieei.

It is a valuable exercise to practice converting bit patterns
to character-codes and from character-codes to decimal and from
decimal to character-codes and character-codes to bit patterns. You
wii2 find a table of all L56 bit patterns and the corresponding
character-codes and corcesponding decimal values in Appendix B. You
may checK your success with the table.

The character-code system for identifying the various bit
patterns is, as you might Know or have figured out, what in computer
circles is called hexadecimal. Numbers, when represented in
hexadecimal, are usually preceeded by a "f". f41 is the hex
representation for the ASCII code for the letter "A". This removes
any question as to whether the number is decimal or hexadecimal. From
now on we will follow that convention in this text.

ThRre is another convention which is widely used to identify
tfie individual bits in a byte. The bits are numbered 9-7 from right
to left. The high-order bit is the 7-bit and the low-order bit is the
8-bit.

We discussed the way to represent the decimal numbers from 8
to 255. The same general technique may be used to represent numbers
from 8 to 65535. Instead of two hex characters representing one byte
of data► we need four hex characters representing sixteen bits or two
bytes. Now the first pair of hex characters may be followed 6y any of
256 pairs of hex characters S t88 - fFF ). So the total number of
possible combinations of four hex characters is 256 times 25d or
65536. The address bus is sixteen bits wide. Which is why there are
exactly 65536 unique addresses possible. How, it is frequently useful
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to be able to convert decimal addresses into heradecimai. We saw how
to do it with a single byte of two her, characters (R bits). We
divided the number by !6 to get the first character and the remainder
was the second character. The process is similar for going from a
numtser larger than 255.

We divide the number by 25b to get the first half of the
answer. This will be a number between !and 255. The remainder will
oe the second half of the answer. Both of these decimal numbers can
then be converted to their heiadecimal counterparts by the dividing-
by-16 technique. These he>; digits can be then easily converted to
bit= !binary) oy looking up the table or retrieving it from our
biological memory device.

Lets da an er.ample: Say we want to get the binary value (bit
configuration) of the decimal number 4792. The first thing we do is
see how many times 256 will go into 47892. The answer is f87. The
remainder is 20. Aline o4 BASIG code to da this computation would
be:

HA = INT (NUM /X50 ): HB =NUM - NA ~ 25d

HA is the first half of the answer in decimal. HB is the
second half. We still have to taKe 3~7 and 28 and break them into
their two he>: components. We do this by dividing by ib. 1~7 / ib =
i i with a remainder of i S. 5o the first two hex digits are fBB. 20 /
16 = 1 with a remainder of 4. So the complete answer is 58$14. The
binary equivalent of 8BB14 is 1011 1011 @68i 0180. To double checK
our answer, we go back the other direction and convert 58814 to
decimal. X24 = (i # lc> + 4 = ~9. SBB = t !! # ib) + 11 = i~d + 11

1~7. (la7 # 255 ? + L0 = 4787 + 20 = 47892. And that's the
number we started with. This process should be practiced. It is very
helpful :n solidifying the understanding of he>: and binary and their
relationships to decimal numbers.
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The 6502 is a machine. Its moving parts are electrons and the
only worK it does is with data. I# has some internal data storage
which is identical in nature to the data storage in the memory devices
to which it is attached through its e~#ernal connectors. The internal
storage is known as the machine's registers. The registers are eight
bits wide and there are only seven of them. Each register has some
special characteristics in the way the b502 can utilize the data
contained in it. The data processed by this machine is stored in the
e~:ternal memory and the registe^s. Processing consists of
manipulating tf~e data in some logical sequence which results in
accomplishing some desired goal, fihe 650 processor does its
processing of data by interpreting and e;;ecuting "instructions".

Instructions are data. The; are stored in the memory devices
as eight bit bytes which are precoded (programmed) to make the c50~
do some desired operation. The first byte a{ each iRStruction is
called the Opera#iars CodE. The e5~2 has pre-programmed circuitry
built in to its microelectonics, etched onto its silicon chip, which
can decode operation codes and figure out what it is suppo=_.ed to do
next based on the bit structu^e of the operation code. This Iegic
comes with the 654 2. The bright electronic engineers who desioned the
0502 at Mt~S Technology bacK in iy?` figured out hoer: to make the 650 '
interpret bit =?r~.~cture=_. ar~d tc: ta1!e whatever ac+.ic~~t each operation

code was designed to make i# do. They prep?anned a set of data

mani~iulation operation= wt~i~h they thougC~t waul~ he u=_-efui far a
microprocessor to be able to da and then set about designing the
machine and the operation codes so that those a~+eratians could he
interpreted and performed. The way the proces=or is programmed by you
the programmer i=_ for tau to place ire the memory of the computer a
sequence of ins#ructions designed to make the 6582 do some presumably
useful tasK. You choose tree instructions carefully from the set of
available instructions which the 6502 can perform. Yoe code these
instructions in the language which the machine can understand, machine
language. Each instruction has a specific bit pattern which is
understood by the 0502 to mean perform some aper•ation and use one of
the 13 addressing modes.

If you have an assembler you can write the e5b2 irEstrucions ire
an understandable #ormat which makes some sense to humans when the;
read it. ThE assembler will then convert the human understandable
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program into a machine undersandable sequence of bit patterns ibytes),
The Assembler is such a program for the VIC-29. The next section
te21s you how to use it. In this section we will explore the
6592'architecture, its registers, its instruction set and its various
addressing modes. First, the registers.

The Program Caxrter

The ib-bit Program Counter Register is actually two c~-bit
registers, the PCL and PCH registers. These two registers are always
used as a pair. The "PCH" s#ands for Program Counter High and "P'CL"
stands for Progran Counter Low. Together, they are used by the b582
to farm a sixteen bit address painter. The b582 move=_• the ton#ants of
these two registers to the address bus when it wants to fetch an
instruction from some memory chip attached to the 6591.

The Program Coun#er tells the 650 where tine next instruction to
be executed is located in memory. When the Computer is turned on: an
initialization process occurs automatically. This process includes
moving the data Contained in addresses ~FFFC and SFFFD directly into
the PCL and PCH respectively. Addresses such as this which are stored
in memory and point to the starting point of some other program are
called "vectors". This is haw the t58L finds the address of its first
instruction to be executed. So: every 659 must have the address of
the beginning of the first program to be executed prestored at EFFFC,
SFFFD. This must obviously be in ROM.

This initialization process occurs at power-an time and
whenever the RESET button (available on some expansion chassis but not
on the standard VIC) is pushed. After each execution of an instruction
by the 6502, the Program Counter is incremented to the next
instruction, and so the program flow occurs.

The A-reg

The A-rag may be thought of as the Arithmetic register. It is
often called the Accumulator. tiKe all the registers, it is a one-
byte t8-bit) register. It is. the place where arithmetic operations
occur. Instructions liKe ADC t Add with Carry) and 5BC t Subtract
with Carry) cause data to be added to or subtrac#ed from the A
register. The A rag may be loaded (new value brought into it) with an
instruction such as LDA (toad the A-rag). Its contents may be stored
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out to same memory location with an instruction such as STA iStore the
A-reg), The address in memory where data is loaded-from and stored-to
is specified by further addressing information provided to the 6502 by
the program in a manner discussed in the next chapter.

References to "STA" or "LDA" instructions are referring to the
assembler language English-liKe mnemonic which gets translated into a
machine language instruction recognizable by the 6582. There is a one
for one correspondence between assembly language statements and
machine language instructions.

The X and Y registers

There are two other "worKing" registers called the X and Y
registers. These are also known as the index registers. These are alI
eight bit storage registers in the b582 chip itself. The X and Y
registers are used mostly in addressing functions as explained next
chapter. The X and Y registers may bath be loaded from memory with
instructions such as LDX and LDY. They may be saved (stored) in
memory with STX and 5TY instructions. They may also be incremented,
decremented, and compared to data in external memory.

StacK Poirrter (SP)

The second 25b-byte block of memory tf8i8@-f01FF) is used by
the 6582 in a special way. It is called the Stack. The StacK is a
special storage b1acK which is automatically utilised by certain
instructions. Its primary reason 4or existence is to allow subroutine
"nesting" and to allow for the smooth handling of interrupts.

Subroutines are program segments which can be executed by many
different programs. They are sub-programs, which are jumped-ta and
returned-from. They save having to write commonly used program
segments over and over again. The stacK is the b592's communication
mechanism for remembering where a subroutine was "called" from. The
JSR (Jump to Subroutine) instruction is explained in detail in Chapter
5. Suffice it here to say that the JSR causes the program to jump to a
subroutine in such a way that the subroutine can return to the
instruction after the JSR once it is done doing its processing. The
6582 saves the return address on the stacK when a JSR occurs. It
pills it off the stacK when the RTS (return from Subroutine) occurs.
The position of the next available stacKlocation for recording return
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addresses is kept in the SP. The 5P is initialized by the VIC start-
up program tv the value of 3FF at power-on and RESET time. The high-
order byte of the stacK address is always E91. This is fixed inside
the 6582. The first time a J5R instruction is executed, the address
of where to return to is pushed onto the stack at 5AlFF and f91FE.
The SP is then decremented by two so that the new value of the SP is
S8 S FD. The subroutine called by the JSR may then call additional
subroutines and the return addresses will be stored below the initial
return address. There may be up to 128 levels of subroutines calling
other subroutines. Each subroutine must have as its last instruction
a RTS {return from subroutine) instruction which causes the 6582 to
load the PC with the saved address from the sta~K and to increment the
SP by two. Thus the return to the address from which the subroutine
was called.

Interrupts are caused by an electrical signal to the 6592 4rom
the outside world. There are two interrupt lines attached to the pins
of the 6592. One of them, the HMI line, will cause the 6582 to 6e
interrupted regardless of what it is doing. This is called the Non-
MasKable Interrupt. This facility is provided so that hardware which
has critical timing requirements may cause the b582 to service them
immediately. It is also provided as a means of unconditionally
breaking into the processing of the machine if it is suspected that
somthinq has gone awry in a program and there is no other way to si ze
control of the machine short of turning it off and turning it back on
again.

The other Kind of interrupt is a masKable interrupt. A means
exists to prevent the interrupt from being serviced. An interrupt may
be "masked" Smade so it can't be seen by the b582) by the means of an
"interrupt disable" bit in the Processor Status register. MaslSable
interrupts are those whose electrical connections are to the iRCa pin
of the 4582.

Both Kinds of interrupts are handled in about the same way by
tha 6582. The 6582 finishes processing the instruction which was in
progress when the interrupt signal was recognized. It then saves the
PC on the stack just as if a JSR had been executed. Additionally, it
saves the Processor Status Register on th@ stack and decrements the
stack by three. It now loads the PC with the address found in
location fFFFA and fFFFB for a HMI interrupt or fFFFE and fFFFF 4or a
non°masKable interrupt. These locations must have been pre-programmed
to contain tfie addresses o4 the programs which were written to service
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the interrupts.
The interrupt processing routines must be exited via a RTI

instruction tReturn from Interrupt). This acts liKe the RTS
instruction except that the Processor Status Register is reloaded from
the stacK before the PC is pulled from the stacK. In this fashion,
the interrupted program may continue where it was interrupted and the
status of the machine will be as it was at the time of interruption.

The stack is also used by the PHA and PHP instructions to
store the A-reg and the P-reg respectively in the stacK. This is used
to pass infornmation #o the subroutine. More information about these
instructions may be found in Chapter S.

Tha Proc~ssar Status Register

The Processor Status Register is a collection of eight bits,
somtime~ called flags, which reflect and control the operation of the
6582. The bit assignment of the P-reg is:

P-reg bit position 76543210
Sta#us-bit label NV BDIZG

The Negative Bit

"N" is the Negative-bit. It is turned on by the processor
upon the execution of certain instructions. It reflects whether the
result of an addition or subtraction is negative or not. A i value in
the Negative bit indicates a negative result. This bi# is set by load
instructions and compare instructions too. See the chapter on the
6502 instruction set for a complete explanation of each instruction an
how each affects the various status bits.

MST-~~;'f~~t'"~ r`~7

The "V" bit is the overflow bit. 1t reflects whether ar not
"two's Complement" overflow has resulted from a SBC (Subtract with
Carry} instruction. It is also set by the BIT instruction. See the
descriptions of those instructions for a more complete explanation.
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The "B" bit is set by the processor when a BRK instruction is
executed. The BRK instruction causes an interrupt to occur. It is a
software interrupt, used mostly in debugging machine language
programs. The BRK interrupt is processed almost like a masKable
interrupt. The same vector is used by the b582 to find the address of
the interrupt proccessing routine. The only way the processing
routine can know if the interrupt was a software or hardware interrupt
is by examining the "B" bit in the Processor Status Register which has
been stored an the stacK. The BRK is not masKabie, but it uses the
masKable interrupt vector. Also, the return address stored on the
stacK is the address of the BRK instruction plus two.

The Dedmai Mode Bit

The "D" flag in the P-reg is a cue to the processor to do all
ADC and SBC instructions in Decimal mode. In decimal mode, the data
being added or subtracted wi12 be assumed to be composed of twa
decimal digits per byte. Each digit is coded as a four-bit pattern
having the range of values S0 - 59. Tire range of values which can be
contained in a byte is 8-99 decimal. The name of this data type is
Binary Coded Decimal iBCD).

If the Decimal mode is clear, the ADC and 5BC instructions
will treat the data being added and subtracted as eight-bit binary
values in the range 8-255.

The "D" bit may be set and cleared by the program with 5ED and
CLD instructions.
The Irrtemipt Disable bit

The "I" flag is the interrupt-disable flag. It may be set with
the 5Ei instruction and cleared with the GLI instruction. When set,
only non-masKabie and software interrupts may occur. When Clear, all
interupts are enabled.

The Zero bit

The "Z" flag is set liKe the °N" flag, by arithmetic and load
and compare instructions. If the result of these operations gives a
zero result, the Z-flag is set. Otherwise it is cleared.
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The "C" flag is the Carry bit. It is set by addition,
subtraction, shift and compare instructions as well as the specific
SEC and CLC instructions.

The K, V> Z and C bits may ail be tested by conditional branch
inst̂ uctians. A full explanation of this facility is provided in the
following chapters.
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The instruttians within the program which control the processor

cause it to either: 1) load data from memory into one of its internal

regis#ers or 2} to move data from one register to another or 3) to
store data from one of the registers irate memory or 41 to modify the
data in ane of the registers by same arithmetic operation or 5? #o
cause a change in the flow of the program.

The b5$Z, as it decodes each instruction after having fetched
it from memory, discovers three things about the instruction= it the
number of bytes the instruction taxes in memory; 2; the addres=ino
mode o4 the instruction; 3) the operation to be performed. Tie
oper•atian code takes only one byte for every instruction but same
instructions need to supply the processor additional information
beyond the op-code. This is either address information ar data. If,
for eaampie, an instruction`s purpose is to direct the processor to
store the data contained in its A register into some location in
memory, it needs to provide the 4502 the information as to where t❑
store it. This could taKe ane or two additional bytes depending on

the addressing mode.
Bach operation code has ceded into it the information as to

what addressing mode should be used to accomplish the desired
operation. The 6582 has thirteen addressing modes.

ABSOLU7'B MODB - Absolute adressing requires a three byte instruction.
The first is the op-code and the pert two are the two bytes of address
information.

You recall that it takes two bytes ( sixteen bits) to
specify an address in the 6582 address space. This is because the
address bus is sixteen bits wide. The first byte of the two byte
address is celled the high-order byte or the most-significant byte of
the address. The second byte is the law-order ar least significant
byte. These are sometimes abbreviated the M5D and the tSD. The 6582,
when it executes instructions with absolute addressing, simply fetches
the next two bytes after the op-code and puts them on the address bus
when it does the memory access operation specified by the op-code.
The memory devices, which are attached to the address bus.and the data
bps and the control bus, are signaled by the R/W signal and taKe the
address information off the address bus to select the memory location
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to either store data into or read data out of. If the R/W signal

signifies Write, it will #aKe the data from the data bus and s#ore it

into the memory location specified by the address on the address bus.

If it is a Read signal, it will taKe the data already stored at the

specified location and load it onto the data bus where the b582 will

find it and da whatever the op-code indicated should be done with it.

In absolute mode, the address is stared after the op-code with the

least significant byte immediately following the ap-cade and the mast

significant byte following that. Example=

tDA 3452!
2909 AD 21 45

This is an example of both an assembly language statement on the
first line and the machine language following it. The format is the

same as that which appears on the screen when you run The Assembler.

The assembly language mnemonic is LDA. It is the assembly language

equivalen# of the op-code. It means Load the A register. Tne
Assembler, which converts assembly language into machine language,

decodes the mnemonic and the following operand and produces the
machine language which appears on the second line. The Assembler

also produces a cassette or disKette file containing the machine
language which The Loader can then read and store in the appropriate

memory locations, where finally it can be executed as a program.
For now, lets just looK at the two statements as they appear

here. The 54521 is called the operand field. It specifies to the

6502 where the data to be loaded into the A register is to be found.

The 2008 is the address where the instruction is located. It wes
arbitrarily picKed for this example. The second field, bAD, is the

hex representation far the op-code. Following the op-code is f21, the

second byte of the address specfied in the assembly statement above.

It is followed by t45~ the first byte of the address. This is the
order the b502 e>:pects to find addresses. The b592 processes this

instruction when its Program Counter has the value o4 52809. It
fetches the op-code at that address and decades it and executes it in
the following sequence: i) It determines from the op-code of EAD that
this is an instruction to cause the A register to he loaded from a

location whose address it will find immediately after the op-code. 2)
It fetches the next byte after the op-code, 521, and puts it on the
least significant byte of the address bus. 3> It fetches the next
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byte, b45, ar~d puts it an the most significan# byte of the address
bus. 4) It sets the R/W line to R. 5) It waits for the memory device
to get the specified data and Rut it on the data bus. b) It reads
the data from the data bus and pu#s it in its A register. b. It
increases the PCH,t'CL register pair by 3 sn that it now points to the
next ap-rode.

This is a complete instruction cycle.

Z6R0 PAGB MODE - If you take the sixteen bi# address bus and split it
in half, the first eight bits could thought of as a "page number" and
the second eight bits could then represent the address (from 0 -
255)within that page. This would mean that t~~ere are 25o possible
pages, each with 256 memory locations. Zero Page would then represerst
all memory locations from b0808 to b08FF t 0 to X55 ). Page ore would
immediately fallow, containing the addresses X8188 to E02FF (256 to
5!!?.

These are two pages which have special significance for the
6582. Page zero addresses may be specified with certain machine
language instructions which are specifically coded as Zera Page
addressing mode. Page one is designated the stack page as explained
in the previous chapter. More about that later. The designers of the
6502 decided it would be goad to have an addressing mode which allowed
the 6562 to execute instructions faster and would consume less memory.
The Zero Page addressing made was part of the solution. The
addressing mode is specified as a part of the ap-code. In decoding
the op-code, the 6582, upon determining that the addressing mode is
ZP, then knows that the address to be accessed is in zero page. It
therefore has only to load one more byte of addressing data, the low-
order or least-significant portion of the address. The high-order
half of fhe address will be forced to L80 by the 6502. Therefore,
Zero Page instructions are only two bytes long; the op-code and the
address within zero page where the data is to be stored or found.
Example:

STA ~57C
2000 ~5 7C

The left-arrow is the code to the assembler that this is a Zero
Page instruction. The address specified by the operand is E097C.
This is a Store the A-reg instruction. Op-code f~5 causes the
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contents o4 the A-reg to be stored into the specified zero page memory
location (i897C in this example).

IMNBDIAT6 NODB - Snme instructions may direct the processor to find
the needed data immediately after the op-code rather than having to go
to some specified address to find it. These are two-byte

instructions, one for the op-code, one for the data. They execute
even faster than the zero page instructions because the b582 needn`t

put anything on the address bus or wait for another fetch cycle to
complete before it gets the data it needs. Example=

SSC #25
28C8 E9 i9

Note here that the operand field has a "#° preceeding the data
value. This is the code to The Assembler that this is an Immediate

Mode instruction. Note also that no °f" preceeds the value 25. The
Assemtrler recognizes four data types, decimal, hexadecimal, address
expression and ASCII character. Hex numbers are indicated by a
leading °f", A5CII characters by a " "' decimal numbers by a first
character of 8-9, and address expressions every#hing else. Irt every
case, The Assembler will convert the specified data value into binary
for hex if you wish, the shorthand notation for binary) which is all
the b5@2 can ultimately understand. The second line displays the
machine language in the same format as before. The first field is the
address in hex where the instruction will resider followed by the op-
code in hex, followed by the data value in hex also. ChecK for
yourself that fig is the same thing as decimal 25.

The Assembler has an option you may select each time it is run
to print the addresses and generated machine language in either
decimal or hex. The file wfiich is created for loading by The Loader
will always contain hexadecimal.

SBC stands for Sub#ract with Carry. It is an instruction to
Subtract the specified data value from the contents of the A-reg and
to stare the result bacK in the A-reg.

One further note: Most instructions may be specified with a
variety of addressing modes. The Assembler examines the operand field
to determine which addressing mode is being specified. It then
generates the proper machine language op-code to indicate both the
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operation to be performed and tha addressing mode. As an e>:ample,
"SBC 54FF3" is an absolute mode version of the SBC instruction and the
op-code for it is fED as compared with fE9 as in the above example.
Appendi>; A contains a list of all instructions and their allowable
addressing modes.
IMPLIED MODE -The implied mode of addressing is the fastest executing
and the shortest ins#ruction length. In implied mode, only the
internal registers of the 6582 are addressed. Beyond the op-code, no
mare information is required, so implied mode only taxes one byte.
Examples:

TAX
023F AA
TAY
8248 98

TAX causes the contents of the A-reg to be transferred to the
X-reg. TYA causes the contents of the Y-reg to be transferred to the
A-reg.

A-RBG NODB -The A-reg is sometimes called the Accumulator. This is a
carry over from more primitive times. In any event, Commodore and M05
Technology choosy to refer to the A-reg Mode as the Accumulator Mode.
Call it what you liKe, it is really an implied mode. In A-reg Mode,
only the A-reg and the Carry, Negative and Zero bits of the Status
register are affected. The A-reg mode instructions are valid only for
the "shift" instruc#ions, ASL, ROL, L5R and ROR. For more information
on shift instructions, see the next chapter. Examples:

ROR A
~21A 6A
ASL A

9218 0A

RBLATIVB MODE -There are three classes of instructions which cause
the flow of the program to change. The JMP and JSR instructions are
explained in the following chapter. All three types of instructions
accomplish program flow changes in the same general way. They cause
the Program Counter register to be modified. The PC is the register
pair which points to where the next instruction is to be found in
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memory. I# is automatically incremented by the instruction length
each #ime an instruction is executAd. The instruc*.ions which modify

the PG cause the program to "take a branch". That is, the next

instruction to be er,ecuted will not be the one immediately following.

It will tre found at an address which is determined by the addressing

data suppled by the hranching instruction.

The adddressing information supplied by the "relative mode"

instruttians is a single hyte of data which follows the op-code and

which is added to the value of the PC to determine the new PC value.

The branch is to an address which is the specified number of bytes

away from the branch instruction itself. The address information is
called the relative displacement.

These instructions only modify the PC sometimes. They are

called conditional branch instructions. They test the status of a bit

in the Processor Status Register and the 650 decides at the time the
instruction is es:ecuted whether to Branch (modify the PC) or nat,

based upon the value of the bit being tested. Example:

CMP #'t~ 9300 C9 41
BNE NOTA 0302 G8 63
JMP PROCESSA 0365 4C 7D d4

NQTF~ CMP #'B 938$ C9 ~}2
BEQ PROCESSB 830A F6 CC

This is a short program segment which first compares the
contents of the A-rag with the character "A". The format of the
program listing is the same as that which is produced by The Assembler
when printer output is employed. Note the Immediate symbal~ "#" and
the "character" symbol " "'. The function of the compare instruction
is to set the Zero bit in the status register if the compare proves to
be a match. Otherwise the Zero bit is cleared.

The instruction after the compare is the conditional branch
instruction. It is a Branch Not Equal instruction. If the result of
the compare results in the zero flag being set, the branch will not
happen and the JMP instruction following the BNE will 6e executed ner,t
as usual. If not, the ner.t instruction to be executed will be the
instruction at 58388.

Here you see arte of the great advantages of having an
assembler which allows you to use labels to identify program
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locations. You, the programmer can use meaningful symbols to refer to
same address in memory. Yau wri#e the a5semhly language program
without regard to the actual addresses of each instruction in the
program. If you want to eause the program to branch to some
ins#ruction somewhere in the program, you put a label in English on
the instr~ctian and The Rssemb2er au#omatically computes the address
of the insts°uetion far you, In this case the ~ymholic label is
N OTA" .

Assemblers which permit this eapaha2ity are called symbolic
assemblers. Single-line assemblers ~u~h as is incorporated in VICI~Oi
are severely limited by their lacK of #his feature.

The generated machine language is particularly interes#ing
here. The by#e fallowing the BNE op-code is a '°883'°. Relative
addresssing means that the value found in the byte after the op-cede
is the number to be added to the PC to find the address t~ be Branched
to. That is, if the 6582 finds that the status bit being tested by
the Braneh instruction indicates a Branch sha~ld be taken, it then
adds the value found in the byte after the op-code to the PC. tIt his
already incremented the FC by two before testing the sfiatus bat?. The
Assembler automatically computes the difference between the address of
the instruction following the HKE instruction aid tine beginning of the
instruction NQTA. In this case the amount of adjustment is three
bytes. N4TA occurs three bytes past the address of the JMP
instruction. It is possible to specify a conditional branch farward
~y as much as 127 bytes or bacl4wards as much as 128 bytes. When
bacKward branches are spe~ified> the displacement value in the byte
after the op-cads must contain a negative number,

We mentioned earlier that a single byte ray ~e~~°went the
decimal range of 8-255. For special situations such as the relative
braneh instructions it is convienient to allow the 25b possible values
04 the eight bits to represent a range Gf numbers from -i28 to +~27.
To accomodate this need, a system way devised to indicate negative
numbers. It is called the two's carnplement system. It seems a little
strange at fî st, h~~ with a little practice it, too, can be mastered.

Negative one is represented as fFF. Negative twa is
represented as f~E (or 254 in regular deeamal ), You can convert a
number to its negative by subtracting it from 25b then converting the
result to hex. For example, the hex representation of -b is 256-
b=258=3FA. This system is popular with computer designers beeausa it
maKes arithmetic easy. Note that 25d in hex is 18189. Subtracting
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six from X9188 gives CFA. But 56109 taxes {wo by°±es. 7°he maximum
value of one byte is fFF. If we add cr~o ¢c~ OFF we get ~~8 with a
carry of ane. And with fFF representing -i it is very nice that when
we add i to -! we get 8. Likewise when we add i #o minus 2 (SFE) we
get xFF (-1 ), Another advantage of this system is that ali the
negative numbers have the high-order bit on (leftmost bi# value =
i ). Thy positive numbers are ~@8 i 8009 8889 } to ~7~ t 81! i i i i i >
and the negative numbers are E80 (i8@8 9809) to bFF (11ii 1111 ).
rit is not coincidental that the N-flag (Negative bit of tf~e Status
Register) is set every time any arithmetic operation results in a
value with the high-order bit on.

The Assembler will automatically convert relative branch
displacements to the proper value for both forward end backward
branches. And The Assembler will also allow the expression of
negative numbers in the more familiar format of decimal nu►nbers t -34,
-f22, etc. ?and do the conversion to the two's complement value for
you. In debugging, however, it sometimes comes in handy to be able to
do the conversion yourself and is worth Knowing how to do.

IHD6X6D KODBS - The X register and the Y register are sometimes tailed
the index registers. This is because they are used as indexes to
data. That is, the relative position of data in a string may be
addressed by specifying a base ar starting address of the string plus
same position inde>: to indicate which data element in the string is
being addressed. The X and Y registers tan be used with certain
instructions to be the position index. The instruction specifies a
base address and an index register. The 6582 adds the value of the
index register t~ the base address to get the effective address o4 the
data to be accessed. This is a very useful capability. The following
program segment illustrates the use of indexed addressing to move a
string of data from one plate in memory to another:

STRINGI EQU ~a4Q0 6490
S7RIh1G2 EGlU ~8~$~ 0480

Et~U ~20~0 2900
L6X #18 2098 A2 0F~

LDOP LDA STRIhdG1,~ 282 BD a~ 64
STA STRING2,X 2885 9D 8~ 8~
6EX 2E+~8 C~
BPL LDOF X869 18 F7
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Several new things are presented in this program segment. The
first two statements cause The Assembler to equate a symbolic label
with a specific address in memory. For every subsequent reference to
the label being EQUated (STRINGi in this example) The Assembler will
Kntiw that the address being referred to is the one in the operand
field of the ECRU statement (58400). Note the generated machine
language which follows the statement; LOOP LDA STRINGI,X. The
address S@480 is au#omaticaily generated 6y The Assembler tin the
required low-order-byte-first format ).

The third EQUate tells The Assembler what value to assign to the
Location Counter. The Location Counter is The Assembler's equivalent
of the 6582's Program Counter. The difference is that the Program
Counter is an actual hardware register contained an the o~92 chip.
The Location Counter is The Assembler`s symbolic equivalent of the PC.
The address printed on the machine language line after each assembly
instruction is the value of the Location Counter for each instruction.
It shows us where the generated machine language will be in memory
when The Loader finally loads the program into memory. Every Et~Uate
statement se#s the Location Counter to the address expressed in the
operand field of the statement.

The LDX instruction loads the X-reg with the value !8. The
next two instruc#ions illustrate the inde>:ed addressing mode. The
first instruction loads the A-reg with a byte of data found at address
S480A. The address specified in the LDA instruction is X9489. The
contents of the X-reg are added to the specified address by the 6592
before putting the address on the address bus. Since the X-reg has
,just been loaded with the value 18, the address where the data will
come from to be loaded into the A-reg is 58488 + f888A or L048A.

The next instruction turns right around and stores that same
data back in memory at the address 504$A. So we now have three copies
of the same byte of data. One copy in S840A, one in S94~A and one in
the A-reg. The pert instruction, DEX, causes the X-reg to be
DEtreased or decremented by i. Since it had the value of 18 coming
into this instruction, after the instruction is executed, it will have
the value of 9. The ner,t instruc#ion, BPL LOOP, will conditionally
branch to the instruction which has the label LOOP. Note this is a
bacKward branch of 9 bytes. The generated machine language value of
how far to branch is ~F7. Remember about negative branch
displacements% 256 - 9 = 247. 247 / !b = 15 with a remainder of 7.
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Hence the hex value of -9 = 8F7. Cor~viertiently, The Assembler made
that calculation for us.

The BPL instruction tests the Negative bit of the Status
Register. BPL stands fer Branch if Ptus. The Negative bit is

affected by every execution of a DEX instruction (and many other
instructions as Weil ). If the X-reg was zero before the execution of
the DEX, the result of the DEX would be a negative number in the X-
reg. The Negative bit would be set to one. The BPL tests the
negative bit. If it is nat a one tnot negative) the X-reg must still
tre positive or zero after having been decremented by the DEX.

The branch will be taKen bacK up #o LOOP. The A-reg will now
be loaded from address #8489 and stored into address 18489. The X-reg
will be decremented again and tested to see if it went negative yet.
Once again, it is positive (it has the value 8 now ). The branch
will be taken bacK up to LOOP, the same process will octur once again,
this time moving a byte from S84@8 to f8488. Once again, the X-reg
will be decremented and tested and found nat-negative. The loop will
be executed a total of 11 times, with the X-reg varying from !0 to 8,
the address of data being loaded into the A-reg varying from i848A to
(9408, the address of where data is moved to varying from f848A to
5840.

This is the process by which a wide variety of repetitive
operations are performed upon data with the 6582. This is a very
standard loop. If it still seems mysterious to you read it over again
and when we get to the section an actually using The Assembler, The
Editor, The Loader, The Monitor, and The Decoder, we will create to
actual program which does just this process. We will execute the
program one step at a time with The Monitor, watching how everything
worKs and seeing the registers and the memory locations changing as we
go through the program.

There are four modes o4 addressing which are catiE~ ~^flexed.
Both the X-reg and the Y-reg may be used in indexed instructions and
both may he used in combination with absoulte and Zero Page modes.
LiKe the absolute and ZP addressing modes, the absolute,X and ZP,X
instructions taKe three and two bytes respectively. The Y-reg and the
X-reg function identically in their respective modes. The four
indexed modes then are: abs,X ; ZP,X ; abs,Y ; ZP,Y .

IHDIRBCT NODB -There is only one instruction which uses the simple



Inside '1'ht VIC Page 4-i i

indirect mode of addressing. This is the JMP taddr) instruction. The
parenthesis around the absolute address signifies indirect. What
happens with the indirect jump is the following: i) The 6582 gets an
address from the two bytes immediately following the op-code. Rather
than load the PC with this value directly, it fetches an address from
the specified memory location and the memory location immediately
following it. This is the address which it loads into the PC. Thus a
change in the program flow is taused.

To state #his another way, for the JMP indirect to worK as
desired, there must be an.address pre-stored somewhere in memory. The
JMP instruction must tell the b582 where that address is located in
memory. The 6592 will then load its PC with the address stored
therein. Such a prestored address is called a vector. BASIC has
several vectors saved in the first few pages of memory which point to
various processing programs.

Vectors are tonvienient ways of allowing the flexible design
of operating systems such that new versions and updates to the
operating system can be compatible with the old versions. Programs
which need to use the various routines pointed to by vectors will not
need to be changed because of a different location of the routine in
the new version. The vector will be the only thing which will have to
be modified to allow compatibility.

QHDIRBC77,Y -This mode is somewhat similar to the indirect mode
discussed above. The above instruction was applicable only to the JMP
instruction. This mode is applicable to various data access and
manipulation instructions. These instructions are two byte
instructions. The second byte of the instruction specifies an address
in zero page. LiKe with the previous mode, there must be an address
stared at the specified location. The big difference here is that the
Y-reg is added to the address found in zero page to give the 6582 the
eventual address of where the data should come from or go to.
The (Indir),Y mode is actually used exactly liKe the addr,Y mode. It
is useful for doing loops. The only difference is that the base
address of the loop is stored in Zero Page rather than specified
directly by the instruction. The instruction then specifies the Zero
Page location of the base address. This is a very handy way to
program a subroutine which is used at different times and called 4rom
different places in the mainline program to do the same general tasK
but with differing sets of data. The base address of the data to be
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manipulated by the subroutine must be appropriately set up in Zero
Page each time just before the subroutine is called. The subroutine
itself never has to change anything. It uses the zero page vector to
get the data it's been called to use. Example:

SUBRA LDY f540
LOOPA LDA ~~7C'),Y

STA {~88i,Y
DE'Y
BPL LOQPA
RT 5

Here, the subroutine, SUBRA, is designed to do a general
purpose move of da#a from same location in memory to some other
location. Tfie number of bytes to be moved is found in location 5884A.
The location of where to move the data from is found in f887C and
f897D. The address of where to move it to is found in locations
58088 and f68$i. The calling program must set those locations up with
the appropriate values for the subroutine to function as desired.
Note thats_rlQleft arrow is required for the tindexed),Y mode even
though the specified address is always in Zero Page.

QHDIRBCT,JD -This is the last and probably the least useful
addressing mode provided with the 6582. You may have guessed that it
is similar to the previous mode. It would be a lot more useful if it

were identical except 4or the register used. Unfortunately, it isn't.
You should notice that the X is inside the parenthesis, whereas in the
previous mode, the Y is outside the pares#hesis. This is the
important distinction. The parenthesis indicate the "indirection".
In the previous example, the Y-reg was added to the address found in
Zero Page. and the result of that addition provided the address of the
desired data. Here. the X-reg is added to the specified address to
find where in Zero Page the vector resides. The X-reg is therefore an
index tc a table of vectors stored in Zero Page. This mode is rtot
useful~ therefore, in the same way that the other one is. It might
find some use in unusual situations where there is a need to have a
list of addresses of data bytes and a routine is needed to process the
various data bytes. Such a routine would step through the list, an
address (two bytes} at a time► using the X-reg to bump thru the list
and to point to thr appropriate address at which the data will
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ultimately be found. Perhaps you can find some better use of this
mode.

These last faur chapters have been fairly pacKed with information
on the workings of the 6582. It will be necessary to write some
programs and to examine the programs of others to get a comfortable
feeling about the use of the various instructions and addressing
modes. The next chapter will present every available instruction on
the 6582. After completing it, you will be able to start to taKe
control of your computer by writing powerful machine language
programs.
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6502 — Instruction Sft

There are 5b separate instructions which tfie 6582 has been
designed to execute. There are also two "pseudo-op instructions"

which are not a par# of the 6582's instruction set but which The
Assembler understands.

There are 13 addressing modes. Some instructions are limited
to a single addressing mode, others are capable of utilizing up to
eigfit. Mast of the instructions are quite simple functionally, and
require only a sentence or two to describe their characteristics. We
will cover these first.

Register-only instnxtions

TAX - Transfer the contents of the A-reg to the X-reg. Only the
receiving register is modified. The Zero bit o4 the Status Register
is set (made to have the value i? if the value transferred is zero,
otherwise it is cleared (made to have the value A). The Negative bit
of the Processor Status Register is set if the high-order bit of the
value transferred is on (value !?, else it is cleared.

TAY -Transfer A-reg to Y-reg. The A-reg is stored into the Y-reg.
The same notes apply as with TAX.

TYA - Transfer Y-reg to A-reg. The Y-reg is stored into the A-reg.

The same notes apply as with TAX.

'1'XA - Transfer X-reg to A-reg. The X-reg is stored into the A-reg.
The same notes apply as with TAX.

TXS - Transfer X-reg to 5tacK Pointer. The X-reg is stored into the
StacK Pointer. Nv status bits are af4ected. This is the only way of
initializing the Stack Pointer.

TSX - Transfer 5tacK Pointer to X-reg. The StacK Pointer is stared
into the X-reg. The same Hates apply as with TAX.

$BC - SEt the Carry bit. The Carry bit is set to value !.
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CLC - Ctear the Carry bit. The Carry bit is cleared.

SBD - 5Et the Decimal Made bit. The Decimal Mode bit is set to value
!. The Decimal mode of arithmetic is enabled.

CLD - Ctear the Decimal Mode bit. The Decimal mode of operation is
disabled. The Decimal Mode
bit is cleared.

CLV - Ctear the oVerf2ow bit. The overflow bit in the Processor
Status Register is cleared.

CLI - Ctear the Interrupt disable bit. The Interrupt disable bit in
the Processor Status Register is cleared, allowing interrupts to
occur.

SSI - SEt the Interrupt Disable bit. The Interrupt disable bit in the
Processor Status register is set to ! ~ causing all interrupts to be
masKed tdisa6led) until the Interrupt disable bit is cleared with a
CLI.

DBX - DEcrement the X-reg. The value contained in the X-reg is
decreased by i. I4 the resulting value in the X-reg is zero, the Zero
bit is set in the P. If it is not zero, the zero bit is cleared. If
the resulting value in the X-reg has the high-order bit onr the
Negative bit in the Processor Status Register is set. Qtherwise the
Negative bit will be cleared. Note that register values of 8-l27 will
have a clear high-order bit and values of 1~8-255 will have the bit
set.

DEY - DEcrement the Y-reg. The value of the Y-reg is decreased by !.
The Zero and Negative bits are affected as with the DEX instruction.

INX - INcrement the X-reg. The value of the X-reg is increased by i.
The Zera and Negative bits are affected as with the DEX instruction.

IHY - IHcrement the Y-reg. The value of the Y-reg is increased by i.
The Zero an Negative bits are affected as with the DEX instruction.
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Memory uctssing instnxtions

INC - INCrement memory. The value of a byte located in memory is
increased by i. The Zera and Negative bits are affected as with the
DEX instruction. Only ZP; ZP,X; AHS; AHS,X modes are valid.

DBC - DECrement memory. The value of a byte located in memory 35
decreased by i. The same comments as apply for INC.

LDA - LoaD the A-reg. The Contents of a memory laca#ion is
transferred to the A-reg. The Zero and Negative bits are affected ae
with the TAX instruction. Valid addressing modes are: Immediate; ZP;
ZP,X; Absolute; Absolute,X; Absolute,Y; (Indirect,~U; (Indirect,Y)

LDX - LoaD the X-reg. The contents of a memory location is transfered
to the X-reg. The Zero and Negative bits are affected as with the TAX
instruction. Abs, ZP and ZP,Y addressing modes are valid.

LDY - LoaD the Y-reg. The contents of a memory location is
transferred to the Y-reg. The Zera and Negative bits are affected as
with the TAX instruction. Abs, ZP and ZP,X addressing modes are
valid.

STA - STore the A-reg. The contents of the A-reg is transferred to a
memory location. Ho registers or status bits are affected. Valid
addressing modes are: ZP; ZP,X; Absolute; Absolute,X; Absolute,Y;
(Indirect►X); tIndirect,Y)

5TX - STore the X-reg. The contents of the X-reg are transferred to a
memory location. No status bits or registers are affected. Abs, ZP
and ZP~Y addressing modes are valid.

STY - STore the Y-reg. The contents of the Y-reg are transferred to a
memory location. Ho status fits or registers are affected. Abs, ZP
and ZP,X addressing modes are valid.
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Caiditional Hranch Instructions
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BCC - Branch Carry Clear. The program counter will be modified by the
amount of the specified displacement if and only if the Carry bit is
clear t0). Forward branches may occur up to 128 bytes from the
address cif the first byte foilowinG the branch instruction. BacKward
branches may occur up to !27 bytes from the same address. Ho other
registers other than the PC are affected. Only Relative addressing
mode is valid.

BC5 - Branch Carry Set. The program counter will be modified by the
amount of the specified displacement if and only if the Garry bit is
yet ti). Same comments as far the BCC instruction.

BEQ - Branch EQual. The prooram counter will be modified by the
amount of the specified displacement if and only if the Zero bit is
set (li. Same comments as for the ECG instruction.

BNE - Branch Not Equal. Tne program counter will be modified by the
amount of the specified displacement if and only if the Zera bit is
clear (0). Same comments as for the BCC instruction.

BNI - Branch MInus. The program counter will be modified by the
amount of the specified displacement if and only if the Minus bit is
set {i). 5ame comments as for the BCC instruction.

HPL - Branch Plus. The program counter will be modified by the amount
of the specified displacement if and anly if the Minus bit is clear
!8). Same Comments as for the HCC instruction.

BVC - Branch overflow Clear, The program Counter will be modified by
the amount of the specified displacement if and only if the Overflow
bit is clear (8). Same comments as for the BCC instruction.

BVS - Branch overflow Set. The program counter will be modified by
the amount of the specified displacement if and only if the Overflow
bit is set ti). Same comments as for the BCC instruction.
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Jump instnxtions
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JMP - JuMP. The PC is loaded with the specified address: causing a
change in the flaw of the program. Both Absolute and Indirect
addressing modes are valid.

JSR -Jump to SubRoutine. The PC is first incremented by 2. The new
PC is then stared on the stacK, The FCH is stared in the stack
location addressed by the StacK Pointer. The Stack Pointer is
decremented and the PCL is then stared in the new stacK location as
addressed by the 5P. The SF is decremented a second time and the
address specified by the JSR instruction is loaded into the PC,
causing a jump to the specified subroutine location. Hote that the
address stored on the stacKis nat what might be expected. The
address is of the third byte of the J5R instruction, not the address
of the next sequential instruction after the JSR. The RT5
instruction, which causes a return from the subroutine, compensates
for this anomaly. Generally, the casual programmer needn`t worry
about the mechanics of stacK operations as long as she always has a
RTS far every JSR. However, advanced machine language programmers are
fond of direct stacK manipulation techniques, especially for passing
arguments to subroutines.

RTS - ReTurn from Subroutine. The Stack Pointer is first incremented.
The PCL is loaded from the stacK address pointed to by the StacK
Pointer. The SP is then incremented again and the PCH is loaded from
the stack. The PC is incremented to compensate for the JSR operation
of putting the address of the third byte of the JSR on the stack
instead of the address of the next instruction. Now the PC has the
address of the instruction immediately following the most recent JSR
instruction, The program flow is thus returned to the mainline
program from the subroutine.

RTI - ReTurn from Interrupt. This instruction reverses the process
which occurs when an interrupt occurs. The Processor Status Register
is retrieved from the stacK where the interrupt caused it to be
stored. The PCH and PCL are then reloaded from the stacK where they
too were stored as a part of the 6592`s interrupt processing. The
return to the point of interruption is thus complete, with the
Processor Status Register having the same value it had at the time of
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in#erruption.
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HRK - BReaK. Interrupt processing is Caused to occur. The address of
the next byte following the BRK instruction is saved on the staeK,
The BreaK bit as turned on in the Processor Status Register which is
then saved on the stacK. The PC is loaded with the address found at
memory loco#ion SFFFE and tFFFF.

SticK Push ~ Pill Instructions

PHA - PusH the A-reg. The A-reg is stored on the stacK at the address
pointed to by the SP'. The SP is then decremented. Ail PHA's should
generally be matched with a following PLA.

PLA - Pult the A-reg. The SP is incremented, then the A-reg is loaded
from the stacK location pointed to by the new value of the SP.

PHP - PusH the P-reg. The Pracesser Status register is pushed onto
the stacit in the same fashion+ the A-reg is with the PHA.

PLP - Pult the P-reg, The Processor Status register is pulled off
the stacR in the same fashion the A-reg is with the PLA instruction.

Pseudo-op Instnxtions

HYT This is not really an instruction in the instruction set of the
b502. It is an instruction which The Assembler recognizes and
in#erprets to mean generate machine language data. The operand field
of the BYT instruction can express several types of data which The
Assembler will understand.

If the first character of the BYT is a " ~ °r the 4ollawing
characters must 6e hex characters, i.e. 0-9, A-~. The Assembler will
handle a string of hex characters up to 88 characters in length. It
will generate a data string with two nybbies (a hai4 byte - 4 bits)
per byte, inserting a t6 in the high-order nybble of the high-order
byte if there are an odd number of characters specified.

If the first character is a " ' ", The Assembler will create a
data string with as many bytes as there are characters following the '.



Inside The VIC P~9~ 5-7

The values of the generated bytes will be the ASCII values of the
corresponding characters.

If the first character o4 the operand is a number in the range
8-9> Tfie Assembler will interpret the operand as a decimal number and
convert it to its binary equivalent.

If the first character is Wane of the above, the operand will
be assumed to he an address expression which represents atwo-byte
address. It will compu#e the address asao~iated with the expression
and generate the standard low-order first format two-byte address.
Address expressions are covered fully in the chapter on writing
assembly language programs.

B{~U - EQUate. This pseudo-op does nat generate any data wi~ich gets
stored into memory by The Loader. It is an instruction to The
Assembler to see the Location Coun#er and #o cause the label in the
label field to be assigned to the address which is expressed in the
operand field.

Shift Instructions

ASL - Arithmetic Shift Left. The contents of the A-reg or of a memory
loco#ion are shifted one bit position to the left. The law-orber bit
position is forced to value zero. The high-order bit is shifted into
the Carry bit. The Negative bit is set if the bi# shifted into the
high-order bit position is a i. It is cleared if it is a zero. The
Zero bit is set if the resulting value of the shifted by#e is zero,
cleared if it is not.

As an example, if the A-reg h,as the value EGC t 1l80 1186 ),
after the "ASL A" instruction has been executed, i# will have the
value 59~: (109 i 1060 7 and the carry bit will be set. If the A-reg
has the value of 55F t 0101 1111) the "A5L A" will cause it to aecome
bBE (181 ! iii 0) and the carry bit will be clear. Note that each left
shift causes the A-req to double in value as long as the high order
bit is not a one before the shift. Shifting left is a convienient way
❑f muiiiplying a value by two. Using A5L in combination with ROL, a
multiple precision shift may be effected. See the description of the
Rt~L instruction. Valid addressing modes are= Accumulator; ZP ; ZP,X ;
ABS ; ABS,X.
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ROL - Rt7tate Left. The A-reg rr a byte in memory may be shifted one
bit to the left. fihe high-order bit gets shifted into the Carry bit.
The low-order bit recieves the previous contents of the Carry b:t.
The same addressing modes apply as far the A5L instructian.

A multiple precision bit shift is one where a strir~g of bytes
is treated lilte one long bit pattern and the shift causes the bits
which come out of the high-order positions of one byte get shifted
into the low-order positon of the next by#e in the sequar~ce. for
example:

LC~Y #3 SHIFT ~ BITS
BITSH LG:C #~ THRU 5 BYTES

A5L STR,`.0 kIGHT-MC+ST fYTE
DE%(

RDLI7 ROL STR,:<
6 E:C
BF'L R~1LIT ALL E~''fTE~ ~?
D EY'
BPL BITSH ALL BITS ?

This routine would cause the string of five hytes at STR to be
left =hi+ted four'taits. Each efecutivn of the RGL shifts the contents
of the Carry bit into the low order bit of the byte being shifted.
The Garry bit will contain the bit which was shifted out of the high-
arder hit position of the previous byte. The ASL is used as the first
shift instruction to farce zero bits into the low order positions of
the low-order bytes.

LSR - Logical Shift RiRi~t. The contents of the A-reg or memar f
location specified is shifted one bit position to the right. The low-
order bit gets shifted into the Carry bit. The high-order bit
position is forced to zero. The Zero bit is se# based upon the
resulting value of the shifted byte. The Negative bit is forced to
zero. The same addressing modes apply as for the ASL instruction.

ROR - Rt~tate Right. Ail bits in the ra#ated byte are shifted one bit
position to the rigf~t. The Carry Git is shifted into the nigh-order
bit position and the low-order bit position is shifted into the Carry



Insidt Thy VIC Page S-9

bit. The same addressing modes apply as for the A5L insiruc~ion. The
LSFt ar~d RC)R instr~~ctions are the same as the A.SL and RQL instructions
except they shift bits it the opposite tiirections. Note that a one-

bit shift right results in an effective division by two.

Boolean arithmetic instructions

AHD - Logical AND. The A-reg is iogical ANDed with the specified data
byte. The boalean AHD operation is performed between carte=pondinq
bits of the two bytes. Each bit position of the pair of bytes is
operated on individually, the result of the operation rep3acing the
corresponding bit in the A-reg. The rules of the AND operation are=

if the two bits being ANDed are value i, the result is a 1; if either
bit is a 0 the result is a 0. That is, C@ AND i] = 0 ; C8 AND 87 = ~D

C1 AND i 7 = i ; C! AND 07 = 6. Example:

116a1~1~ Plemory
RND It710110E+ r~-reg

1a8d1~74~! r~ew r~-rya

Oniy the bit positions which had a i in both bytes ended up
with a i in the result. The AND instruction is frequently used tG
selectively dear individual hits while maintaining fhe status of the
other bits in the byte. This is done by creating a "masK-byte" which
has a 8 in every bit position which needs to be cleared tset to 0),

and a i in all the other bit positions. The masK bite may be in
either the A-reg or the specified memor~f location but the result of

the operation always replaces the A-reg.
This process works because a 0 ANDed with either a 0 or a i

gives a 8 result while a i AKUed with a 8 gives a $and ANDed with a i
gives a i.

ORA - Logical OR. The A-reg and the specified memory location are
logical ORed together, the result replacing the A-reg. The baolean 01~
operation, 1iKe the AND operation, is a bit by bit operation. Each bit
of tt~e A-reg is ORed with the corresponding bit of the byte in memory
by the following rules: if either bit is a i, the result is a i. If
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both bits are 0, the result is 0. That is, Ci OR !7 = i ; Li OR 87 =
i ; C0 OR 1 J = i ; 8 OR 0 = 0. Example:

110Q101t~ PlemorY
QRA 101A119a A-req

111E+illt+ F~-req

The ORA is frequently used to selectively turn bits on set to
1). LiKe with the AND, a masK must be created which indicates the
desired bits to set and the bits to be unaffected. The OR masK must
gave a bit on in the bit positions to be set and off in the positions
which need to be maintained. This is opposite of the AND masK.
There, i-bits maintained the status quo. Here, 0-bits have that
responsibility. A 9 in the masK byte when ORed with a 1 gives a i and
when ORed with a 8 give a 0. And a 3 in the masK byte always results
in a i result. Ci OR i~ = 1; ti or 97 = i. Valid addressing modes are
the same as for the ANU instruction.

BOR - Exclusive OR. The contents of the specified merrsory byte are
BGRed with the contents of the A-reg, replacing the A-reg with the
resul#. LiKe the AND and OR instructions, this is a bit oriented
instruction. The rules of Exclusive-Oring are= The result will have
a i in any bit position fo^ which only ane of the two bytes being
EQRed have a one. Ali other bit positions of the result will have a
0. (i.e. Ci FOR 0] = i; C1 FOR i] = 8; C0 FOR 87 = 0; C0 FOR 1] = i).
fi>;ample:

I1QE~161~ Memory
Et7R ii~i9116~ A-reg

01i@6110 New A-reg

The FOR instruction is useful 4or inverting bits. A ! in any
mask bit position will cause the corresponding bit in the result to
have the opposite value as that of the corresponding bit in the object
byte. A i before EOF2ing will result in a 8 after and vice versa. A
sera in the mask byte will cause the corresponding bit in the abject
byte to go unmolested.
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BIT -BIT tes#. The A-reg is logically ANDed with the contents of the
sRecified memory location. The Zero flag is set if the result of the
opera#ion gives a zero result. The Negative bit is set if the higfi

order bit o4 the memory location is yet. The Overflow bit is set if

the second-highest-order bit (the b-bit) of the memory location is

set. The Negative and Overflow bits are cleared if the 7~bit and 6-bit

of the memory location are clear. The A-reg is not affected by the

executiocn of this instruc#ion.
This instruction is very useful for testing individual bits of

bytes in memory. The A-reg is loaded with a mask whicf~ has ones in

the bit positions to be tested and zeros in the rest. If any of the

memory byte's bits in the tested positions are on the result of the

ANDing opera#ion will be non-zero. Note that the masK may be either

in memory or in tree A-reg for the test to work. The Negative and

Overflow bits are set based only upon the bit configura#ion of the

memory byte however. Example=

MF~SK 6'YT ~~E+
LUF~ MRSk
SIT V~L1
Ett'1 I SIT 7
BVS BITE
BNE BiT10R[

OK EQU 3

The value of the byte assigned to la6~e1 MASK is EAb. The i-

bit and the 2-bit are on and all others are off. The BIT instruction

AKDs the contents of the A-reg, SBd, with the byte at VAL1 and the
result will be non-zero only if either the i-bit or the 2-bit of VALi

is a one. If VAL1 has its high-order bit on, the program will branch

to BIT7. If the 6-bit is on in VAL1 the program will branch to BITd.
If either bit-~ or bit-i are on, the branch to BITlOR2 will be taKen.

The " a " is used in tfie last statement of the program. It

has a special significance to The
Assembler. Used in the operand field of an instruction it is liKe a
symbolic label except it references the current value of the Location
Counter. Here, it performs the function of assigning the value of the

Location Counter to the label "GK".
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Arithmetic instnxtions

P~~e ~-!2

ADC - ADd with ~~r~•ya AGditYOn is performed with the A-reg, the
specified memory I~catic~n and the Carry bit. { i~-reg) = i A-r-~g) ~
addr ) + t carr•~ }. Thy (..J is used here to mean "the contents
of°. :°he result replaces the A-reg. The made of Sri±hmetic is
determined by the status of the Decimal mode bit at #fie time the
instructian is ereeuted. If se#, the mode of adoatian is the Decimal
mode, if clear, the mode is binary. Valid addressing modes are thae
same as for the LDA instructior~.

Binary addition is quite simple. It is just liKe decimal
addition except the higher# number you have to worry about i~ i. The
rules Af addition are:

= a
= i
= 1D {1 in ciec irna~l )

The third example is the only one which is different from
decimal addition. When we add a pair of binary numbers r~rith more than
one bit apiece, we proceed from right to left just like decimal
addition. We add the two bits together and if the result is greaier
than i we have to carry 1. 50, 12 + 1! = ilA. Doing this addition
one step at a time, taking the righ#most bits, 1 and !, and adding
them by the above rules: we see that the answer is !9, ❑r 8 with a
carry of i. I1ext we acid the next pair of bits plus the carry, 1 + i
+f= ti +i)+1= 19 +1 =11. Thatsaiwithacarryofi. Hate
that f ~ 1 + i = 3 in decimal and i + i + i = i! in binary which is
the binary equivalent of 3 detimai. The most you have to remember in
binary addition of two numbers is 8 + 9 = 9 ; 8 + ~ = i ; i + i = i@
(9 carry i) ; i + i + i = 11 ti carry !). The ADS instruction does
this binary addition work for you, so you might not need to Know it.
On the other hand, you probahly will when you go to debug your
Galactic Gabbier same. 50 you might just as well learn it now.

When in Decimal mode, the ~i58~ er,pects the data it is a~~ing
to be in "binary coded decimal" format. This is yet another data
format. In BCD, the eight bits of a byte are interpreted to be two
four bi# decimal digits. Each lour bit digit may have the hexadecimal
vai;aes of 9-~. If there is some other bit configuration in the range
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of A-F in either half of the bytes being added, the resuits will be

unmeaningful. When the ADC is executed in Decimal mode, the two low-

order digits are added and arn~ decimal carry is added together with

the twa high-order digits. Tree carry bit will be set if there is a
decimal carry from the addition of the high-order digits.

It is standard procedure to clear tfie carry bit before using

the ADC instruction because the Carry bit is added into the result.

This is a nice feature when you are doing multiple precision addition
such as adding two 32 bit numbers together. The carry bit is the

needed communication between the successive bytes of the addition.

Example of 32 bit multiple precision addition:

LAX #3 4 BYTE ADDITION
CLC

NEXT LDA Vf~Li ,X
ADC UAL2,X ,
STA V~L3,:X
DEX
BPL hdEXT

58C - SuBtract with Carry. The specified byte in memory and the

inverse of the Carry bit are subtracted from the A-reg, replacing the
A-reg with the result. That is, {A-reg) _ (A-reg) - (addr) - Ci -
tCarry)]. The Carry bit is set if the contents of the A-reg are
greater than or equal to the value being subtracted from it. The
Carry bit is Cleared if the value subtracted is less than the contents
of the A-reg. Ir deciding whether the contents of the R-̂ eg and the
memory location are greater than or lesss than one another, the 6582
interprets the values as unsigned integers in the range of @-255.

The carry bit is IiKe an inverted borrow. If a borrow is
required, the Carry bit is 8. If no borrow is required, the Carry is
i. The Negative and Zero bits are set based on the result of the
subtraction. The Overflow bit is set if "two`s complement overflow"
ocurred. Valid addressing modes are the same as for the LDA
instruction.

The normal subtraction procedure is to set the Carry bit before
the SBC is e>;ecuted. Using the SBC to compare two values requires
testing the Minus bit after the subtraction is complete.

If the desire is to branch to PRGA if the contents of VALi
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are less than the contents of VAL2 the following program would be
used:

5EC
LDA VAL1
SBG VAL2
BMI PRGA

OK EGtU ~

The above routine worKs for unsigned numbers. If a comparison
is being made of numbers which may have negative value, a more
complex routine must be used. The possibility of "negative overflow"

exists when subtracting numbers which are intended to represent values
in the range of 8 to 127, -i to -12~. If we try to subtract 19 frflm -
l24, the result would be -134. This is out of tfie range of negative
numbers. The 6502 lets us Know that if this was a signed operation,

the result had "negative overflow". This is done by setting the
Overflow bit in the Processor Status Register. The value which ends
up in the A-reg is 122 (25b-134) in the above example. The unsigned
equivalent of the -i24 is !32 t256-124). And 132 - 18 = 122. This

positive result gives a false indication of the relative magnitude of
the two signed numbers. When wor)ting with signed numbers the
following technique is necessary to maKe accurate comparisons of
magnitude:

SEC
LDA V~1L1
5BC UAL2
BVS CHKMI
BMI PRC+~
BRL OK

CHKMI BPL PRGR
OK EQU ~

Positive overflow can occur the same way. Suppose VAL1 has
the value of i26 and VALZ has the value of -4. The intention of the
above program is to branch to PRGA if VALI is less than VAL2. S2b
{-4) = i3A. 138 is out of the range of signed numbers i0-127).
Positive overflow occured. The 6502 tells us this in the same way, by
setting the Overflow bit. I~aes the program worK for this case? 126
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is not Less than -4. The overflow bit was set by the SBC. The branch
is taKen #o CHKMI where the Negative bit is tes#ed. It is on because
the value in the A-reg is greater than i27. It is 138. Se the branch
is not taKen to PRGA. It worKs!

Compare Instructions.

CKP - CoMPare. The magnitude of the specified memory location is
compared with the magnitude of the A-reg. The Zero and Negative bits
are set as though a 5BC had occurred. The A-reg is not modified by
this irsstruction. The carry bit need not be pre-set or cleared before
executing the instruction. The carry bit is set if the compare finds
that the A-reg is greater than the value of the contents of the memory
location. The Overflow bit is not affected by this instruction. It
is therefore nvt possible to use the CMP to maKe magnitude
comparisions of signed numbers. The description of the SBC
instruction illustrates the technique for accomplishing this. Valid
addressing modes are the same as for the LDA ins#ruction.

CPX - ComPare the X-reg. The X-reg is compared to the contents of a
specified memory location. This instruction functions exactly liKe
the CMP instruction except the register being compared is the X-reg.
The valid addressing modes are Absolute, Zera Page and Immediate.

CPY - ComPare the Y-reg. The Y-reg is compared with the contents of
the specified memory location. This instruction #unctions exactly
IiKe the CMP and CPX instructions. Addressing modes are the same as
CPX.

impoterrt Instnxtians

NOP - HO OPeration. The amazing NOP instruction does absolutely
nothing. It causes the 6582 to spin its electronic wheels for a few
microseconds. it takes up one byte of memory.
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There are five saftware tools which make up the s#andard Kit.
The Editor is used to create: modify and save assembly language
programs to cassette or disKette. It performs certain error ~hecKing
functions as well. The Assembler reads the assembly programs which
were created with The Editor and The Decoder and produces a machine
language program listing and machine language load modules on casse#te
or disKette. The Loader reads the Load modules from cassette or
diskette into memory where they may be RUN, single-stepped or SAVEd.
The Monitor can single-step through any machine language program
displaying the various registers and status bits at every step. It
also allows the easy examination and modification of memory locations.
The Decoder does the opposi#e of The Assembler. It reads machine
language programs from the computer`s memory and converts them into
assembly language which can then be saved to cassette or disKette for
re-entry into The Editor and The Assembler. Listings of the assembly
language program are also printed to the screen and/ar the printer.
With the extended-feature version of the Kit tree exchange offer at
end of booty, the Edtior and the Assembler have been combined into one
program, ASMEDT. This version requires a minimum of 3K of expansion
memory but is easier to use.

Fir.~t Steps

Before attempting to use any of the software ~DOIS~ bacKup
copies should be made and the original tucKed away for safe keeping.
Safe Keeping for any magnetic media means in a cool dry place away
from sources of magnetic flux such as TV sets, loudspeaKers,
transformers, power supplys, exploding nuclear weapons etc.

To back up your programs, load them one at a time using the
usual procedure= LOAD rxxrxx (or LOAD r,xxxxx,£~ for disket#e) where
xxxxxx is the program name. The names of the programs which you
should find an the distributed media are: EDIT4R> ASMBLR, LOADER,
MONITOR, DECODER and A5MPRT. After loading each program, save it
either on cassette or disKette as you please. Again, the usual
procedure is followed: SAVE rxxxrx or SAVE xrxrxx,~. Be careful not
to save the program onto the cassette you ,lust read it in from as you
will no doubt write over the next program on the tape. It would be a
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good idea to save each program on its own cassette if you don't have a

disK system. This will cut down on the time it taxes to find and load

the programs when you use them.
if you experience trouble loading any of the programs, be sure

you have spelled the name right and that the tape is in the proper
position. If LOAD ERRORS prevent you from loading the program or the

program just doesn't seem to be on the media at all and you are sure

your machines are in goad working order, you should return the media
to French 5i1K for a replacement. You have thirty days in which to

find aut if you have a problem and to return the faulty media. A
replacement will be made at no charge.

The Bditor

Load The Editor in the same way you did when you made your
backup copy. Once it is loaaed and the screen display says READY,

type RUN. The screen will change colors and the copyright message

will appear, followed by the prompt, "MAX'?". This is the only time
this prompt appears. You are being asked haw large an assembly
language program segment will you be wanting to create or load. It is
only important to answer with a number at least one greater than the

largest number of statements you expec# #o have in any segment, If
you have a 5k VIC you can always answer 90. This means you will not
be allowed to create a program segment larger than ti9 statements.
That is about the most you can get into the minimum VIC anyway. 1f
you have some memory expansion, you can figure on getting about an
extra 50 - 75 statements per K of expansion. So, with an .°_.k expander
you can figure you can create and assemble a program segment of about
500 statements. Later an, we will get into breaking large programs
into smaller worKable segments.

For now, enter 98 regardless of how much expansion you have.
Do this by keying "90 CR7". Note that at all times in this te>:t we
will use the "CR7" symbol to refer to the RETURN key.

You should now see "CPLDIMS" in the center of your screen and
a "?" on the following line. You are being asKed to select a choice
from the menu of options. Briefly, the options are= C - create, P -
print, L - Load, D - Delete, I - Insert, M - Modify, S -Save. (Note:
with the Extended-Features version of the Kit, the additional menu
option "A" for Assemble appears after the other editing options7.

Since we are now going to create a program segment you should
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Key "C CR]". The screen should now clear and " ?" " should appear on
the second line of your display. This is the prompt for entering a
line of a source program segment. It always appears in the same place
on the screen. This is the "edit-window". When we get to modifying
program segments we will see that lines to be modifyed will appear in
this same edit-window.

Enter the following assembly language statement without hitting
CR]:

LOW EQU7688

Be sure to leave a space after the label, LOWr and before
the mnemonic, EQU. Be sure not to leave any space between the EQU and
the operand, 7b80. If you made errors in Keying the above statement
you may move the cursor to the error with the cursor control keys and
correct it by typing over the error or by using the [delete] and
[insert} Keys. Until CRJ is hit, changes may be made at will. Each
statement entered in the edit-window may be at most $b characters
long. This is four complete screen lines.

Once you have the statement keyed just as shown, hit CR7. You
should see the statement appear a few lines lower on the screen with
the line number i on the left and with a space between the EQU and the
76@8. Not having to Key the space between the mnemonic and the
operand is liKe an automatic tab feature and saves a Keystroke. It
can be confusing though, expecialiy if you are used to other
assembler/editors which require the extra keystraKe. Regardless, this
is the format of every statement you will enter with The Editor. The
label field is optional and if omitted, a single space must preceed
the mnemonic. The first space after the mnemonic signifies the
beginning of the comments. In this example no comments have been
entered.

Now the edit-window should be b1anK except for the prompt
{~~~).
It is time to enter the second statement of the program. key the

following:

MSG BYT'IT WORKS

The label field is "MSG". The mnemonic is the pseudo-op,
"BYT", and the operand is "'IT WORKS". This would seem to be
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cantradictian of what was just previcruusly stated atsout the first
space starting the comments. It is. This is the only e>;ception to
the rule. When the first character of the operand field of a BYT
instruction is a " "', then no Comments are allowed and the entire
character string after the " ' " is considered the operand. This
operand type is called a literal string.

When the statement is entered correctly, hit CRJ. This
statement should now appear after Statement i on the screen. It is
line # t of the program being written. The edit-window is now open
again.

Enter the statement:

SPG EC~U65~ 5CREEN

Hit CR7 when you've yot it righ#. It appeared liKe the others
down below the window, right'! It should have. Now> the prohiem is=
it is an incorrect statement. It should have been:

SPG EQU64~ SCREEN

To fir, it, we have to leave the mode of entering new
statements. This is done by Keying CR7 with a blank line in the edit-
window. Do that now. You should see a return of the original menu,
followed by the " ? ". To fir, a wrong line it is necessary to choose
menu option "M" for modify. Da that and be sure to hit CR7.

How the prompt, "L>#?" should appear. This prompt is used for
the M, D, P and I options. It means which Line number (L> and how
many lines (#). For the Modify, the second number should always be a
"i" since we can only modify one line at a time. Key= 3,1 CRJ . The
statement we ,ius# entered should now appear in the edit window. Ai
this time it is possible to make any modification desired by using the
cursor control keys, the [insert] and [delete] keys and keying over
any charatters which appear in the window. Move the cursor to the 5
and Key a 4. You can hit CR] now if it 1poKs liKe it should. There is
no need to move the cursor to the end of the line before hitting CRS.
How the fixed version of line 3 should have replaced the erroneous
one. The menu should have reappeared once again. We'll use the "P"
option to see the altered statement.

The Print mode option allows you to list your segment to the
screen. You may start anywhere in the program and print in blocKs of
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any size. Key "P" CR3 . You will see the already familiar "L,#%"
prompt. Yau are being asKed where do you want fa begin listing the
program and how many lines do you want listed. We only have three
lines so far so it would be reasonable to key 1,3 but for the saKe of
education, Key i,i CR] instead. If you did that, you will see the
first Sine was displayed and the menu reappeared. Haw, if you Key
only CR] the listing will continue with the ner,t biocK of #lines. It
will print the same number of lines as you specified last time, i.e.
1. This is most convienient when you have a large program and wish to
see a screenfull at a time. Answering 1,15 to the initial prompt will
cause the first 15 lines to be displayed. And each additional time you
hit CR1 after that you will get another 15 lines. Kit CR7 again and
the last line will appear. Note that it was changed by your
Modification process a while back. If you hit CR] any more, all you
will get is the menu again.

We want fo Continue adding more statements to our program but
it would be a mistaKe to try to Continue by re-entering the Create
mode. That causes the whale list of entered statements to be erased
and the statement number to be reset to i. DO KOT TYPE A "C" AT THI5
TIME. Once the Create mode has been abandoned to fi>; a statement or
to Print the segment, new statements may be added only with the Insert
option

The "I" command, will cause us to re-enter the statement-input
mode. Key "I" now to the Menu prompt. We won't bother to tell you to
hit CRJ after each entry any more because you already Know that it is
required.

If you entered "I", the "L,#'!" should be staring you in the
face again. For this mode, the right response is the Line after which
you wish to insert new statements. The "#" is haw many lines do you
wish to insert. When all we want to do is to continue adding to the
end of the program (liKe now) we enter the last line number of the
program and the number i (3,1 in this case). The number of Iines to
be inserted is very important when you are insertin4 lines in the
middle of the program. You could overwrite some of your program if
you enter more than you say you will. You will have lines duplicated
if you enter less. When adding to the end, however, we can add as
many as we want and only specify "i" without having any problems.

You should enter "3,i" now and you will see that the lines of
the program up to and including the line L will be listed. And the
edit-window prompt will be bacK waiting for you to continue the
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entering of your program. When entering program lines the most common
error is to either forget to enter a space before the mnemonic or to
enter one after it. If you get stopped with an ERR message it is
probably because you broKe one of those rules.

ERR i means either an invalid mnemonic was entered or more
than one space or na space immediately preceded the mnemonic. ERR 2
means that either an addressing mode was used which is invalid for the
mnemonic or that a space was entered immediately after the mnemonic.

The first three statements of the following program have
already been entered. How enter the remainder. You may experience
occasional delays of a second or two after entering the input Iine
before the prompt re#urns. Note that there is a 10 character input
buffer which allows the fast typist to "get ahead".

LOW EGtU 7b86
h1SG B'YT ' IT WDRKS
SPG EG~U X48 SCREEN
EN~MSG EQU 3
LEMISG EQU ENC~I'1SG-MSG
ENTRY LD~Y #LEI+H'1SG

LDA #~88
STA 36879 5CRN GOLOR
LDA #9*21+4
STA ~6
LDA SPG
STA ~i

LOOP LDA MSG-1 ,'Y
f~ND #~BF
STA t 8) ,'Y
DEY
BhJE LOCIF
RTS RETURN

LAST EQU EhlTRY

The RTS may have caused you a problem. It taxes no operand,
sa the "RETURN" must be separated from the FITS by a space since it is
a comment.

Once you get ail 04 these statements entered, exit the entry
mode the same way we left the Create mode, i.e. CR] on a b1anK edit-
window line. How would be a good time to check the program for
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accuracy.
It turns out there is a mistaKe in the way the program was

written. For it to worK correctly, statement 3 must be moved so that
EHDMSG follows immediately after MSG. Also, an EQU LOW+LENMSG needs
to be inserted gust before statement 6.

To accomplish these modifications you need to first delete
statement 4. You should have finished the insertion process of
creating the above segment by hitting CRS with a b1anK line. The menu
should be on the screen now. Give it a "D" for delete. The "L,#?"
now may be responded to with a "4,!". This is to delete one line at
line number 4. Once it is done, the menu will reappear.

Now to put it bacK where it belongs, you will need to do an
Insert. You should Know how to do this now. You will want to insert
one line after line 2. When you get the " ?" ", re-key the ENDMSG
statement followed by CR7. To get out of insert mode hit CRJ with a
blank edit-window.

One mare thing to do. Insert the "EOU LOW" line after line 5.
Now, re-list the entire program with the P option. It should looK liKe
this:

LOW EQU 768
MSG BYT `IT WORKS
ENDMSG EQU 3
SPG EQU 648 SCREEtJ
LElVh1SG EQU ENGMSG-MSG

EQU LOW+LENMSG
ENT R'( LG'( #LENMSG

LDA #~98
STR 36879 SCRN COLOR
LD~I #9*2P+4
STt~ 40
LD~1 SPG
ST~1 ~ 1

LOOP LDA MS6-1 ,Y
AND #3BF
STA (87,Y
DE'Y
6NE LOOP
RTS RETURN

LAST EQU ENTRY
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If everything looKs right, you can naw save the segment you
just created. If there are errors, use the modify or insert or delete
commands to correct the problem before proceeding.

If you have a cassette version of the software tools, place a
blank cassette in the recorder and maKe sure it is rewound. Give the
menu an "S" for Save. I4 you have the disKette version: put any
disket#e with a little space left on it in the drive and Key the "S".
You will be asKed the "NAME?" which you wish to assign to the file
which you are about to create. If you have a disK, you must give it a
name. With casse#te, the name is recommended but optional. Respond
with the name "TEST".

The source program segment will now be saved. With cassette,
you will be asKed if the recorder is "OFF'?" before telling you to
"PRESS PLAY AHD RECORD". You need only hit return as this is just a
pause to insure the recorder was not left on from the last input.

Once the recording is fir+ished, the menu will reappear. Now
the first session with The Editor is over. To proceed with the next
step, assembling the progra~► with The Assembler, either select the "A"
option o4 the menu if you are using the extended-feature version or
press the STOP and the RESTORE Keys simultaneously and proceed to the
next chapter.
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The Ass~n~bler -The program segments created with The Editor need to
be translated into actual machine language. This is the function of
The Assembler. It can read in and translate any number of corssecutive
source (assembly language) segments. For each segment read, it will
generate a reprint of the original source statements, each followed by
its machine language equivalent. It will print the machine language
in either hexadecimal or decimal. It also optionally produces an
object (machine language) output file which The Loader can than load
into the specified memory locations of the computer. With the
extended-features version of the ltit, the Assembler is a part of
ASMEDT, the Assembler/Editor combination. The only functional
difference with ASMBLR and the assembler portion of ASMEDT is that
direct POKEing of the generated machine language into memory is an
option o4 ASMEDT and it is not possible with ASMBLR. This feature,
when used must not attempt to POKE machine language into the portion
of memory which is used by the ASMEDT program itself, as this will
cause self destruction of ASMEDT. The POKB option is selected by
answering "Y" to the "POKE?" prompt.

Hots that there are two version of The Assembler included on
the distribution media. The second version, A5MPRT, outputs to the
printer rather than the screen. To load The Assembler, have either the
cassette or disKette with the saved copy of ASNBLR (or ASMPRT} in the
appropriate device (recorder or disK drive) and Key "LOAD A5MBLR" or
"LOAD ASMBLR,8" if you have the disKette. When the READY. appears on
the screen, Key °RUN".

You will now gef the same °MAX?" question as with The Editor.
Here, again, you are being asKed for the maximum segment size in
number of assembly language statements. Respond with "98 CR]".

The next prompt will be "D/H?°. Do you wish to gee the
machine language in decimal or hexadecimal? If you Key "D CR]", the
result wi12 6e decimal. Otherwise any response including CR3 will
caust hex output. Key a °H CR]" this time.

Now the prompt should be °NAME?". Give it the name of the
source segment you created with The Editor. In the previous chapter
we created a source file named "TEST". That is what you should enter
now. With cassette, if you hit ,lust CR ], the first file found ~ the
cassette will be used. If the recorder was off, you will get the
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"FRESS PLAY OH TAPE" message. Do so.
Now the file should be loading. Although this is a two-pass

assembler, this is the only time the file actually has to be read into
the computer. You can be sure the file hay been found by listening to
the recorder. There will be a slight pause every few ae~o~ds as the
file is being processed. Somtimes, i4 cassette retarders are not in
the best of health, files created wi#h one program do not load very
well with another program. File-creation has less built-in fault
prevention than does program-creation and so files are more prone to
load errors. The usual symptom of this problem with The Assembler is
a "STRING T00 LONG' error. Yau can try to load it again or you might
have to re-create it with Tfie Editor. If it is a persistent problem,
you might be well advised to have your recorder tuned up.

When the file has been successfully loaded, the next prompt
appears. °OUTH?" is requesting a name to be assigned to the machine
language output file. If you don't wish to create one at this time
you must hit CR7 only. Do that now.

Now the program will start to be listed on the screen. You
should see the first ten lines of the program which was created with
The Editor. After each line of source should be a line with the line
number on the lefty followed by the address of where the machine
language will end up, followed by the actual machine language
translation of the preceeding assemhly language statement.

Ten such two-line statements will be followed by a single ° ?
". The Assembler pauses every 18 statements to let you view the
screen and to tell it when you are ready to have it continue. To get
the next batch of 18 statements it is necessary to Key anything but "
/ ". A ° / "will cause the assembly to be prematurely ended and a
return to the point o4 aslting "D/H?". CR] is the normal response.
Key that now.

The rest of the program should now be assembled and listed.
It will be followed by the "EHD?" prompt. If you have all you need
from The Assembler you may want to terminate the program by simply
pressing RUN and RESTORE simultaneously. You may want to assemble
another program segment at this time in which case hitting CR] will
worK. You may also re-assemble the same segment now without having to
re-load the source file. That is what we will do now. Key CR] to the
"END?" prompt.

We should be bacK at the °D/H?" question. This time, answer
"D" for decimal. How for the "NAME?" prompt, give a ° / "followed by
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CR7. This is the way to specify a re-assembly of the same file
without having to re-load the source segment. The "OUTN?" prompt can
now be answered with a file name to be assigned to the desired load
segment. This time we will create one. Enter "TEST-L" followed by
CR]. If you have the cassette version, you should get a "OFF?" prompt
now. LiKe with The Editor, The Assembler is trying to protect you
from your own neglect. If you hoc! left the retarder in PLAY mode from
the file input phase, The Assembler would have thought that the
recorder was ready to record. This prompt is your cue to put the
proper cassette in the recorder at the desired posi#ion on the tape.
Once that is done, you may hit CRJ. How the PRESS PLAY AHD RECORD ON
TAPE message will appear and you should fallow orders.

If you have done all of than the recorder will start
writing, the listing will begin to appear on the screen and this time
the addresses and generated machine language will be in decimal
instead of hex. Everything else is tfie same. You will notice the
recorder or disk doing its thing every once in a while as load
segments are being written out. At °END?" time the output file will
close. You now have a file saved to tape or disK which will be
loadable by The Loader.

There are two error messages which the Assembler can generate.
"ERR 3" signifies a reference in the operand field to a label whicfi
has not been defined anywhere in the program. Following the "ERR 3",
the offending label will be printed. After the label will appear the
actual machine language erroneously generated. ERR 3 messages may
also appear before the listing of the program begins during the file
input stage. These messages flag EQU statements which have labels
which have not been defined. See the Assembler specification chapter
far mare information on EQiJ statements.

"ERR 4" signifies a relative branch instruction with an operand
expression which computes to an address which is out of range.
Relative branches may be to addresses which are a maximum of 127 bytes
beyond ar !2£. behind the address of the instruction immediately
folowing the branch instruction. The same in4armation follows the
"ERR 4" message as the ERR 3.

The Loader -The capability to write, load and run a very large
program is provided far even the smallest VIG-28 through the combined
use of The Assembler and The Loader. Large programs may be broken
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into segments which can fit into the memory space of The Assembler.
~ecausP The Assembler can create load segments, the space where the

machine language program is designed to reside is not limited to that

which is left over when The Assembler is in memory. That is, a

failure of some assembler systems is that the assembler directly POKES

the machine language into memory. The memory where the assembler

itself resides is therefore not available for the machine language
program since the assembler would be self destructing as it was
assembling. The solution is to have the assembler save the machine

language program someplace where another program can load it into
memory. This requires a laader program. If the loader is a short
program it will aliaw the maximum possible space for the machine
language.

It is also desireable for the loader to be able to input
multiple load segments to better handle the large program. This. The
Loader is and does.

The Loader is written in BASIC and becau=e of the way BASIC
handles string variahles, it might be necessary to "protect" your
machine language program from the string variables of BA5IC. If you
are using a VIC with ~K or less. Before loading the sample program of
the previous chapters it will be necessary to reset the "TOP-OF-E~ASIC"
and "T4P-QF-STRINGS" pointers in zero page. This should be done in
the following way=

POKE 52,760 / 25 ~i:PQKE 5 !,7688-PE E K(52)~256:
POKE 55,PE E K(5 ! ):POKE Sb,PE E K(52)

The Loader is loaded just liKe The Editor and The Assembler.
The program name is "LOADER". When you RUN the program, the first
prompt asKed by The Loader is "NAME!", asKing for the name of the load
segment created with The Assembler. For the purpose of this tutorial,
place the cassette with the tape created with The Assembler in the
recorder (or the disKette in the disk drive) and key the name "TEST-
L". The usual "PRESS PLAY ON TAPE" message will appear. Do it.

The tape ar disk should now do its thing as the load module
gets input and the appropriate memory locations get POKEd with the
machine language program. As each load segment completes loading, The
Loader will asK for the NAME of the next one. If there are no more to
load, the response should be "/". For this demonstration we have only
one segment. The second time the "NAME?" prompt appears, Key "/".
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At this point the machine language program created with The
Editor: assembled with The Assembler and loaded with The Loader should
be in memory ready to be executed.

The Loader will first prompt you with "SAVE'?", asKing if you
would like to save the machine language program. This can be
particularly useful for large multiple-segment programs. Saving it as
one Iarge program will enable you to re-load it liKe any BASIC
program with the usual LEAD procedure. An interesting side benefit of
The Loader is that you may use it without loading any Assembler-
generated load segments. You may use only the SAVE feature by
responding with a "/" to the first "NAME?" prompt.

If you choose the SAVE option, you will also ba prompted far
the low and high address of the segment you wish to save. These must
be entered in decimal. It is an unfortunate anomaly of the VIC that
for cassette saves, the highest address which may be saved is 327b7.
This was presumably a feature to protect cartridges from being saved.
However: it worKs fine for saving to diskettes. It would be a good
exercise in understanding the warKings of the Kernal to attempt to
find the limiting portion of the operating system and to find a way
around it. The Decoder would be very useful in such a pursuit.

You may answer "Y" to "SAVE", and 7688 to "LOW-ADR?" and 7b30
to "HIGH ADR". Be sure to have a tape ready to record on, then answer
"SAVETEST" to "NAME?". This will cause the creation of a file on
cassette (or disKette if you have the disK version) with the name
"SAVETEST". When you load it back in if it is on diskette you must
Key "LOAD SAVETEST,a,i" far it to load hacK into the same space you
saved it from. If the file is on cassette, just "LOAD SAVETEBT" will
do.

Ne>;t, The Loader will asK you if you wish to "AUTO-5YS~%". If
you respond "Y". The program ,~.~st loaded will e>:ecute via a 5YS to
the address specified in the last EQU in the program. If you wish to
use this feature, the last EQU in dour program must specify the entry
point of your program. Gur program had such an EQU sa we can try now
to execute the program. Key a "Y" to the "AUTO-5Y5?" prompt.

if everything has gone well, you will see the produce of your
programming labors now displayed in the middle of the screen. If for
same reason this is not the case, it would be good to go bacK to The
Editor, Io~ad the source segment with the menu option "L" and verify
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that it is correct. MaKe any necessary changes and re-assemble and
re-load the program. I# should work.

The format of the load segment file which is created by The

Assembler and gets inRUt by the loader is quite simple. The records

consist of three record types: address records, machine language

records and an end-of-file record. Every time The Assembler processes

an E~3t3 statement it genera#es an address record. Address records

cause The Loader to reset the address of where to next POKE the

machine larguage. The second type of record is a machine language

record. There is one record for every byte of machine language to be

POKEd. As each machine language record is processed, it is POKEd into

sequentially increasing memory locations until another address retard

or end of file record is encountered. The end-of-file record is a

single "1".

Where to put the machine language program

There are several places where machine language programs may

be designed to reside. These include i? Inside a BASIC program Z)

After BASIC 37 Below BASIC 4? In the cassette buffer iS33C-L3FB or

828-1019) 5} in expansion RAM in b1ocK 5 t~A980-SBF88 or 48960-49152}.

d) Anyplace that The Loader itself does not reside.

Insidt z BASiG program

To get a machine language program into a BASIC program so the#

it may be saved with the BASIC program and reloaded right along with

it, a couple o4 techniques may be used. The first way is to load a

BASIC program with several REM statements which taKe up space and will

be overlaid by the machine language. The toKen for REM must not be

overlaid but everything after it can be.
Record the values of lotatians 43-46, as you will need them

later. Then load The Loader into memory starting at some address

above the BA5IC program {using the technique explained in Appendix F).

The Loader and the other BASIC program will both be in RAM now

but in different locations. How run The Loader to load the machine

language program which was designed to fit in the space which the

dummy REM statements created. This will cause the REMs to be overlaid.

The best technique is to have the REM statements at the very front of
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-the program. This way, the machine language will nat be shifted
around every time statements are added to or deleted foam the BASIC
program.

It will be necessary to change same pointers within the text
of your BASIC program if you overlay more than one REM. The last FtEM
overlaid must be iaund in memory and 4ts linK address to tt~e following
statement must be used to replace the linK address of the first REM.
To do this you should Know the format of BASIC programs in memory.

Locations 43.44 contain the address of the first BASIC
statement in your program. At that address, will be a two-byte
address of the next BASIC statement. This is the linl4 address
referred to. The end of the program is signified by a link address of
8,9. Immediately after the linK address .s the statement number, a3so
in two-byte format. After that comes the compressed BASIC statement
which is ended by a byte of f90.

Here is a one-line direct-mode program for finding the address
of the start of any statement in BASiC:

I=43=FORD= ST4i 8888:I=PEEK(I)+25b~pEBK(I+i1:
IFPEEK( I+2)+pggK~i+$)#25bC:>xxxTHEK NEXT

I now contains the address of statement xxx.

Once the machine language has been loaded with The Loader it
will be necessary to change the pointers at 43,44 and 45,4b back to
what they were before The Loader was loaded. uow the Basic program
will contain its machine language passenger and they may be ail saved
together.

Be cautioned that listing the program may cause funny
characters, maybe even cause the screen to go b1anK or do other
s#range things.

There is a serious drawback to this system. If your program
has a f89 anywhere in it, BASIC will get confused and modifications
and SAVEing the BASIC program will cause the linKage pointers to be
reset and will tend to mess up your machine Iangugage program.

One further caution. There is another value which BASIC has
trouble with when within a BASIC statement. The value is 294 (ACC).
Listing a BASIC program with this value within the program will cause
a ?SYNTAX error when listing it. The program will still run however.
And you may list the remainder of the program by typing "LIST 38=' for
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example if the syntax error stopped the listing prior to statement
30. This migh# be considered a cart of protection feature, as it is
likely to confuse the opposition {at least for awhile7.

Another means of including the machine language program within
the BA5IC program is to run The Loader, poking the machine language
into memory which you Know to be after the address of the last line of
BRSIG code in your hybrid program. Now, load or enter the program.
Next change the start-af-variables pointers at 45,4b #o point #o some
place past the machine language. This method does not require the
creation of REMs and the machine lanugage never gets printed but it
does get saved and re-loaded with the BASIC program. The problem is
that any modifications to the HASIC will shift your machine language
around. This could be a problem if you have absolute addressing to
locations within the program. Also, SYSs to entry paints must be then
changed too.

After Hasic

The upper limit of the memory space which BASIC believes it
has available for BA5IC programs is maintained in an address pointer
at locations 55,5b. At 52,53 is another pointer which BASIC uses to
set the highest memory address usable for string storage. BASIC
starts storing strings at its highest available memory location and
worKs bacK down. The free memory available in a BASIC program is the
space between the high end of variable storage and the bottom of
string storage. It is possible to save machine language program
segments in a space which will not be molested by BASIC programs i4
you modify the two pointer sets at 52,53 and 55,5b so that they point
#o an address below the machine language. Then BASIC will not even
Know of the existence of that memory space and will not try to save
anything there.

Cassette Buffer

There is a serious problem with putting the machine language
in the cassette buffer with the cassette-based version of this Kit.
The Loader will need to use the buffer to read the load segments. It
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cannot therefore POKE machine language into it without losing it as
soon as it reads another record. If you have a disKette based system,
there is no problem.

In expansion RAM b1ocK 5 (fA968 - fBFFF)

No protection from BASIC need be implemented when the program
is up here. BASIC can`t get to b1ocK 5. The only problem is that the
cassette version of the 5AVE won't worK with programs in b1ocK 5.

Where The Loader isn't

When the machine language program is not designed to have a
BASIC component the program may always be loaded with The Loader and
run from there. Or The Loader may be incorporated into a BASIC
program. In both of these cases the load modules created by The
Assembler should follow on the same tape as The Loader (ar the
comhination Loaderlother BASIC program).

If the loaded machine language program is SAVEd with the
Loader's built in 5AVE feature as described above it may be simply
loaded directly with a normal "LOAD".

A final note of caution. The loader taxes some space in
memory. If the space you wish to load your machine language program
into overlaps the space consumed by The Loader, loading the program
will destroy The Loader. If your Loader acts very strange, this is
the probable reason. The solution is to select carefully where you
wish to load The Loader so it won`t be overwritten by the program it
is loading.

Commuucating between BA5IC and Machine Language

As mentioned, one way of executing the program is through the
AIIT4-SYS option of the Loader. Ta get to the machine language segment
from a BASIC program involves having either a SY5 or a USR instruction
in the BASIC program. Er,ecuting (running) a machine language program
which has no BA5IC component and which has been SAVEd with the SAVE
option of the LOADER and subsequently LOADed with the normal LOAD
command invaves typing a SYS or USR instruction in direct mode.

The format of the SYS statement is "5YS addr", where addr is
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the address of the first statement in tha program to be executed.

This will cause a jump to the specified address. Data may be passed
to the machine language program by POKEing it into some memory

locations where the machine language program has been programmed to

find it. It may also be passed directly to the A-reg, X-red, Y-reg
and P-reg by POKEing it directly into locations 788-733 respectively.
The BASIC SYS command automatically loads these four registers wi#h
the values found in these locations before passing control to your
machine language program. It also returns to your BASIC program with
788-7ts3 containing the values of the above registers as your machine
language program left them.

The U5R instruction format is "X=USRtA)". This instruction
is used in place of the SYS when you wish to pass a real variable
(floating point number which contains a fractional component) to the
machine .language program. The value of BASIC variable "A" is loaded
into the floating point accumulator # i (see chapter i3 for a full
explanation) before passing control to the machine language program.
Upon returning to the BA5IC programs the value which the machine
language program leaves in in the FAC#i will be assigned to the BASIC
variable "X". The address of the entry point of the machine language
program must be stored in locations i and 2 prior to executing the USR
instruction. For example, if the entry point of the program is 768~t,
you must have the fo2lawing BASIC statement preceeding the USR
instruction: POKE2,7688/256: P4KE1,760~-PEEK(2)#2Sd.

With both the 5YS and USR instructions, the way to return to
the BASIC statement immediately following the 5YS or U5R is by the RT5
instruction in the machine language program.
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The Maritar -The Monitor provides the capability of running a machine
language program one ins#rucition at a time. As each instruction is
executed, the internal registers of the VIC`s b582 microprocessor are
displayed, including the individual bits of the status register. The
instruction to be executed is also displayed, both in machine language
and in assembly language. The capability is provitied to bypass the
execution of any instruction and to display and modify any memory
location while in the process of running the program. The menu of
choices is displayed at every step of the execution.

For the purpose of demonstrating the features of The Monitor,
you should have loaded into memory the program created, assembled,
loaded and run in the previous chapters. If The Loader just loaded
the machine language program "TEST-L" everything should be ready to
go. Otherwise you will need to go bacK and load it again with the
instructions in the previous chapter.

LiKe with The Loaders if you are using a VIC with 8K or less
it will be necessary to modify the TOP-OF-5TRIIJGS and TOP-OF-BASIC
painters at 51,52 and 55,56 before loading The Monitor. See the
previous chapter for information. If the pointers have not been
restored since the previous modification of these pointers it will not
be necessary to do it again. By the same toKen, subsequent programs
which are loaded without resetting #here pointers may find themselves
"OUT-OF-MEMORY" because of the change.

Loading The Monitor is by the same process as with all programs
in the Kit. The name of the program on the distribution media is
"MONITOR". It may some#imes be necessary to load The Monitor into some
part of memory other than where BA5IC programs normally load. If the
program you wish to monitor is in the normal BASIC space you may want
to load it into some other space as per instructions in Appendix F.

For the purpose o4 this tutariai~ The Monitor may be loaded in
the usual space without modifying the pointers. Once it is loaded,
Key "RUN". The menu should now appear.

"S" is the menu option to (S)et the address of the next
instruction to be executed. It will be followed by the "ADR" prompt,



Inside The VIC Past 9-2

asKing for the starting address. Valid replys are decimal numbers in
the range of 8-b5535 and hexadecimal numbers in the range of 58988-
SFFFF.

"M" causes The Monitor to enter the (M)emary display/modify mode.
This is also followed by the "ADR" prompt, requesting the starting
address of veiwing/modifying.

"B" will cause the instruction about to be executed to be
tB)ypassed. Rather than execute the displayed instruction, the
instruction following the displayed one will be displayed.

Hitting CR] with no menu selection will cause the current
instruction to be executed and the next instruction in the program
flow to be displayed.

Key a "S" to cause single stepping and answer the "ADR" prompt
with 7488, the address of the entry point of the program. The first
instruction of our program should now appear on the screen.

As each instruction is about to be executed, it is displayed
in both machine language and in assembly language. The s#atus
register is broKen into its individual bits tN = negative, V =
overflow, B = breaK mode, D = Decimal made, Z = Zero, I = interrupts
inhibited, C = tarry). The other registers displayed are the A-reg,
the X-reg, the Y-reg, and the Stack Pointer {5P). Upon execution of
each instruction, the registers are loaded from these save areas in
memory:

X -251 Y -252 A -~53 P-254

If you wish to modify ar pre-initialize any of the registers
at any time you may do so by entering the Memory-Modify mode and
modifying the above locations.

A "software" stacK is substituted for the hardware stack in
page i. Its maximum depth is pre-set at 20 by#es. While this will
be sufficient for the vas# majority of your testing, you may increase
it if necessary by setting the new maximum depth in the SD variable in
statement i. I4, white single-stepping through some program, you
should execute a RTS or PLA or PLP without first having pushed
somthing onto the stacK with a JSR or PHA or PHP, a stacK under42ow
will occur. A TXS instruction setting the ~P to some out-of-range
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value will also cause stacK under-fiow. Overflows are caused by
repetitive PHA's PHP's ar JSR's without corresponding PLA's PLP'S ar
RT5`s until the mar.imum stack depth has been exceeded. In the event
of underfiows and overflows, a "5TK ERR" message will be displayed.
Execution may continue i4 desired but results are likely to be
unexpected if your manitared program is expecting to find some
significant information in the stacK {like a return address}.

Certain machine language programs are written to modify the
Stack directly by storing data in the high end of page 1. Executing
these instructions with The Monitor will hat cause the desired stacK
modification effect. In fact, it is quite liKely that The Monitor
will actually crash upon the executia~ of such instructions. Since
The Monitor is written partially in BA5IC, any instructions which
modify the BASIC vectors ar other information vital to the running of
BASIC programs may cause unwanted results.

As The Monitor jingle steps through a machine language
program, it checKs each op-code encountered for validity. If an
invalid op-code is encounterd, the message "OP-CODE = xxx" (where xxx
is the encountered op-code) will appear where the mnemonic would
otherwise appear. The Mflnitor will not try to execute invalid op-
codes. Nor will it try to execute BRK or RTI instructions. All of
these will be automatically hypassed.

If you have created and loaded the sample program and have
loaded and run The Monitor and have selected menu option S and have
answered 7b8~ to the address prompt, you will now see on the screen
the assembly language statement "LDY #8" followed by a line with the
address 7688 and the machine language equivalent of the above assembly
language statement: !68 8.

Following the machine language will be the display of the
registers prior to the execution of the displayed instruction. Thay
will have no particular significance at this point because they were
never initialized. Note, however, the value of the Y-reg because
after executing the instruction it should change. The Zero flag, if
it is a one now should also change as a result of the execution of the
instruction. To execute the instruction, hit return. Do that now.

If ail is well, the next instruction of the sample program
will be displayed and the first instruction will have been executed.
You may verify that by checKing the Y-reg. It should be o4 value 8
now. The zero bit should be a 8 because the result of loading the Y-
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reg is not zero. Note the disassembled statement is not identital to
the assembly language statement we wrote. It is equivalent but not
identical. We wrote the statement: LDA #9 22+4 . The displayed
statement should bey LDA #292. This discrepancy occurs because The
Monitor can't tell what went into The Assembler, only what came out
artd it does the best it can in reconstructing a valid assembly
language statement from the machine language it has to worK with. It
generates all operand field values as a simple decimal value. When
this instruction is executed we should see the A-rag's value reflect
the LDA operation. Note also that the number 282 is greater than !27
and, as such the high-order bit is on. Consequen#ly, the Negative
flag should be turned on by the execution of this instruction. Hit
CR7 and see.

The next instruction which is now up for execution will store
the A-rag in location A. None of the status flags are affected by
this instruction so we should see no change when we execute it. Do
it.

This would be a good time to looK at the Memory Display/Modify
mode. Rather than hit tR7 at this time, Key "M CR7°. You are now in
the M-mode.

Upon entering Memory mode, the address where you left off in
single-stepping will be saved and the "ADR" prompt will be displayed.
You may enter the first address you wish to examine or modify. The
address may be in the range 8-65535 or L9888-fFFFF. The value of the
data stored at the requested address will be displayed and the prompt
"VAL?" will appear. You may do one of three things. You may eXit the
Memory mode by Keying "X". Yau may modify the displayed location by
Keying a value in the range 8-255 or xb6-fFF. You may continue
viewing the next sequential memory locations by hittng CR).

To looK at location 8, key a "8 CR]". The address (8) will be
displayed followed by the contents of the specified location. In this
case it should be 282 because that is the value we just stored there.

Following the information line will be the question "VAL?".

You may now change the contents of location 8 if you wish by
Keying some new value. The next location will now be displayed,
memory location i. Note its contents and modify them if you wish.
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To ,just scan through memory, simply con#inue to hit CR] each

time a value is displayed. When you wish to return to the main menu,

key "X" for exit. Once this has been done: the SMB menu should

reappear.

If you modified location 8 you should naw re-enter M-mode by

entering the "M" option, and address 9 again. When the value you

stucK in 9 is displayed, change it bacl4 to 282, hit CR7, and when

location i is displayed, hit "X" to get out again.

Now to return to the program we were single-stepping through,

simply hit CR 7. We could have started single-stepping at any location

we wanted to by entering option "S" and the new address where we

wanted to go to.
The next instruction in the program is now displayed. It is a

LDA instruction. Note the registers still have the same contents as

before the M-mode excursion. The A-reg will now be loaded from

location 648. Location 648 contains the operating system's

information about which page of memory the TV screen's data is Kept

in. When putting data into the screen`s memory space, it will

automatically appear on the screen of your TV. More about this in

later chapters.
This program is setting up a vectorin locations 8 and i of

zero page to address the 4th column of the 9th line of the screen. A

loop in the program will sequentially move characters from a data area

in the program (MSG) to the screen memory where they will appear on

the TV.
Hit CRI and see the next instruction which is a Store of the

A-reg to location i. Hit CR7 again. The next instruc#ion is the

beginning of a loop. It loads the A-reg with the character at address

7594 plus the cor►tents of the Y-reg. The Y-reg should still have the
value of 8 so the address where data is being picKed up from is 7599 +

$ or 7487. Go into M-mode and see what is there. It should be the

ASCII value of the letter S, or 33. This is the last character in MSG

in the original assembly language program.
Go bacK to the program now by eXiting and responding to the

menu with a CRJ. The instruction will be executed. The A-reg should

have the value ~3 and the AHD instruction is up now. Its function is

to convert the character in the A-reg from ASCII to VIC screen format.

The screen format for the letters A-Z have the 6-bit off while the
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ASCII characters have it on. The AND of the A-reg with the hex value
SBF will accomplish that. See Appendix D of The Programmers Reference
Guide for more information.

Execute the instruction and notice what happens to the A-reg.
It naw has the value of 19. The b-bit has a bit value of b4 and
turning it off should reduce the value of the A-reg by b4. Which it
did. The next instruction to be executed will store this value at the
location computed from the sum of the contents of the Y-reg and the
address vector in locations 8 and !. If you taKe the vaiue stored at
location i (which is the page # of screen memory) and multiply it by
2S6 and add the value stored in location 8 t282 or 9#22+4>, you will
get the base address to which the Y-reg is added. All vectors worK
the same way: add the contents of the first byte of the vector to 256
times the second byte to get the address being referenced.

A4ter executing this instruction with The Monitor, it may
actually be difficult to find the value where the program just put it.
This is because the screen memory is modified by every program which
writes anything on the screen. The Monitor writes quite a bit to the
screen, so the screen memory is altered about as fast as our little
program can put somthing there. This is one of the unfortunate facts
of life in debugging programs. I4 we Itnow in advance to expect this
hind of problem we may nat end up quite so confused when it happens.

Execute the next instruction, the DEY. The Y-reg should now
have the value of 7. What is the contents of the Z-flag? It should
be zero because the DEY did not cause a result of zero. Execute the
next instruction. The HNE tests the Z-flag. It branches if the Z-
fiag is not a one. It is not, so the branch should taKe place.
Before executing the BNE, check the address of the machine language
instruction. Now execute the BNE. The new address of the machine
language instruction is Iess. In fact, the new instruction ready to
be executed is the LDA bacK up at the top of the loop. The branch was
taken.

It would be good now to step through the loop quicKly,
watching the Y-reg get smaller and smaller each time through. When it
gets to one, watch what happens at the DE Y. The Zero-flag should go
from 8 to i when the Y-reg goes from 1 to 0. The BNE then should not
tape the branch. The address of the instruction up after the BNE
should be two greater than the address of the HNE itself. At this
time, all eight bytes of MSG will have been copied into screen memory
(only to be obliterated 6y The Monitor).
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When this program was run by the Loader, the machine language

program had control for the entire time the characters were being
copied to the screen. The Loader did no 4urther screen activity so you

were able to see them tppear on your screen then and ncc# now.
The Iast instruction in the program is the RTS. This is the

way a program entered by a BASIC SYS returns to ~iASIC. If executed

now, it will try to return through a stack which does not have any

return address to return through. The M~nitar warns you that this has

happened. Try executing it and see.

The Monitor is a very powerful tool for both debugging and for
learning how the instruction set works. You tan use it to single-step
any machine language program including the EtASIC operating system.
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The Decoder The apposite of The Assembler, The Decoder turns machine
language bacK into assembly language. The format o4 the assembly
language program is identical to that which The Assembler and The
Editor accept as input. The Decoder produces the program listing to
the screen► optionally to the printer and, also optionally to either
the cassette or the disKette depending on the version of the
Development Kit you have.

The Decoder produces all address and operand fields in
decimal. It does not produce labels. The program created by The
Decoder will resemble the original assembly language program which
created the machine language but it will not be identical. This is
due in part to the lacK of label generation. It is also due to the
great flexibility available to the assembly language programmer in
specifying address expressions. The Decoder can't ltnow what the
original expression was. It only sees the end result, which is an
address or immediate data value in binary. It converts all such
information to a simple decimal value.

The Decoder is loaded and run in the same manner as the other
tools. The name of the program on the magnetic media is DECODER. The
Llecoder, like The Monitor and The Loader may be loaded into any
available RAM. The first prompt you receive when you run The
Decoder is "MAX'?". This prompt is asKing for the maximum segment
size you might wish to create for eventual input to The Editor or The
Assembler. If you have no intention of using The Decoder for this
purpose, you may hit CR7. If you do create a segment on cassete or
diskette to be assembled and/or modified by The Editor and The
Assembler, respond with the maximum number of assembly language
sta#ements you wish to automatically create with The Decoder. If you
select the option to create an output file, the program wi31
automatically stop decoding upon reaching the entered maximum value.

The next prompt, "PRINTOUT?", allows you the option of
creating printed output. If you reply with a "Y" you will
automatically receive a printed listing of the decoded program on your
VIC-1515 printer for equivalent). Any other response including just
CR] will suppress printing.

Next> you are asKed if you want to create an output file. If
you answer "Y" it will cause a copy of the decoded Assembly text to be
automatically SAVEd to disKette or cassette in the special format
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required by The Assembler and The Editcr. Any other response wi21
suppress SAVEing. If you do so choose, you will be prompted for the

"NAME?" of the segment to be saved. You may respond with the usual

legal file names or, in the case of cassette, no name. In the case of

the disKette, if you Key a name already in existence on the disKette,
The Decoder will replace the old version with the new.

Yau must tell The Decoder where to begin decoding by answering

the "START ADDR~!" prompt with either a decimal number in the range of

6-bS535 or a hex number in the range 80008 - ~FFFF.
If you respond by hitting CR7 without any entered value, The Decoder

will begin decoding at the address where it left of4. If this is the
first decoding since you loaded the program: hitting just CR] will
cause it to start at address 0.

You must tell The Decoder where to cease decoding by your

response to "END ADDR'!". Your response may either be an address or a

specific op-code. If you specify an address, it must be in the range

of 8-65535 or #8@89-~FFFF. If you specify an op-code you must preceed

the op-code with an "#". The op-code may be specified in either

decimal or hex ("f" preceeding the op-code and after the "#").

Specifying an op-code will cause The Decoder to checK each op-code as

it decodes the machine language and to stop decoding after the first

occurrance of the specified op-code. Hitting simply CR7 will cause

the most recently entered response {either op-code or address) to this
prompt to remain the active stopping signal. In other words, if you
decode several subroutines you only have to give the #fb8 response
once the first time, hitting CR7 the following times.

The first statement output will always be an EG1U statement
which will have as its operand the decimal value of the Start Address.

Each statement, as it is generated► will display the decimal value of
the address at which the decoded instruction resides in memory. The

address will be followed by the mnemonic (such as JSR or BNE)t
followed by the operand field. If an invalid ap°code is encountered

by The Decoder where it is expecting to find an a valid b582 op-code,
a BYT instruction will be generated having the decimal value of the

encountered byte as its operand.
The operand field will indicate the addressing mode with the

following conventions= "#" as the first character of the field
indicates Immediate mode. "E" will preceed the operand field of

zero page addressing and ZP,X and ZP:Y. Addresses enclosed in t...)
are designated indirect addressing modes. The suffixes of ,X and ,Y
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imply indexed by reg-X and reg-Y respectively. All address values are
expressed in decimal.

After the Decoder reaches the designated end of the segment,
whether by hitting the MAX value in the case of a SAVE, or by reaching
the high address or by encountering the specified stopping op-code,
The Decoder will return to the prompt for "PRINTOUT%". You may new
decade another section of memory, selecting anew the options
{PRINTOUT, SAVE, START ADR, END ADR)

Decoding cartridges is not a problem unless the cartridge is
an auto-start cartridge. Then it is generally necessary to have a
hardware assist. Many expansion chassis come with a set of switches
which enable and disable the various slots on the cartridge. With
this feature, the auto-start cartridge may be effectively decoded. It
is necessary to have the cartridge in a switchable slot of the
expansion chassis with the slot ciisabied when the power-on ar reset
process occurs. Once that has happened, the slot must be enabled by
throwing the switch. Naw the cartridge is in the addressable space
and you still have control of the machine. Load The Decoder and
specify address 5A886 as the starting address and decode away.

To decode cassette or disKette based programs which start upon
loading, it is necessary to have a reset button. Most good expansion
chassis also have one of these. Lead the program, hit the reset, load
The Decoder into some space not used by the auto-start program, and
decode. The reset function will destroy a few bytes of data at the
START-OF-BA5IC. If you have an expansion chassis and some expansion
RAM, it is possible to change the START-OF-BASIC by switching the
expansion RAM either on or off. With expansions the start address for
BASIC is 4089. With no expansions the address is 4997.

The Decoder is a powerful learning tool. With it you may see
how other well written programs do what they do. The coding
techniques of others can become incorporated in your own bag of
tricKs. They will provide you a valuable base far #wilding your
sKiiis inventory. It can be particularly helpful fa examine the
operating system to more fully understand how the VIC was designed and
how its internal features are utilized by the systems programmers who
wrote BASIC.
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Specifications for Assembly Languages

Libels

The label field: if used, is the first field of the assembly
statement. It is not a required field. If used, it must start with a
letter (A-Z} and may be of any length. The single character "A"
should not be used, as it will be confused with the "A" of the
Accumulator addressing made when aRpearing in an operand field. Qther
characters which should be avoided are the seven algebraic operators
and the quote t"). Labels of more than four characters will cause the
assembly listing to be samewhat less neat appearing but worK just
fine. The longer your labels are: however, the less statements that
can fit into a segment.

li+xmorries

Standard mnemonics

The mnemonic is the English-IiKe cafe which gets translated by
The Assember into the machine language op-code. A discussion of the
mnemonics is found in chapter 5. See appendix A for a campiete list of
all valid mnemonics and their legal addressing modes.

The EQU pseudo-op

The Assembler comes equipped with two sgecial mnemonics, EGtU
and BYT. These do not generate processor-executable instructions as
do the standard mnemonics. The BYT pseudo-ap is covered in the next
paragraph. The EQU mnemonic is an instruction to The Assembler rather
than an instruction to the machine. It has two functions. The first
is to set the location counter. This is a function sometimes left to
a separate pseudo-op such as ORG in other assemblers. The second
function is to equate a label with an address. The format of the ECRU
instruction is=

LABEL EQU addr-expression

The label field is optional. There is one exception to the
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general rules for address expressions far the EQU instruction. The
expression may not reference labels which do not precede the EQtJ
instruction in the segment. This is true only for the EG1U instruction
and is the only limitation on it. Any program re4erences to the label
an the EQU instruction will refer to the address expressed in the
operand field.

The last EQU in a set of source segments generates load
segment code which The Loader interprets as the entry address of the
program. The Loader will ask if you wish to AUTG-SY5 ~ at the end of
loading load segments. If you answer "Y", it will SYS to the address
expressed in this EQU.

The BYT pseudo-op

fihe BYT instruction, unlike the Et~U instruction, does cause
machine language code to be generated by The Assembler. It is not
generally used to generate e~;ecutable rode like the standard
mnemonics. Its function is to provide a means of causing data to be
stored in memory. The data generated by the BYT instruction may be
specified in several ways. Depending on the first character of the
operand field, the BYT instruction may specify hexadecimal strings or
ASCII strings or address constants or single byte values of hex,
decimal or ASCII.

Hexadecimal strirrc~s

If the first character of the operand field is "~" then a her.
string will be 4enerated. All characters following the "~" should be
IiFY. ~Ig]t5i 8-~ A-F. There may be any number of such digits. The
Assembler will create one hyte of data for each pair of digits. If
there are an add number of digits, The Assembler will append a "9" an
the left of the string.

Literal text strings

If the first character ~f the operand field is a " ' °, all
following charac#ers will be translated to the Comrtsodore ASCII value
of the characters. Each tent ~naracter in the oFerand will generate
one byte o4 data. All the characters which may he entered from the



Inside Thy VIC Pige 18-3

keyboard with the exception of the quote t " 1 are legal. The BYT
literal instruction is the only instruction wraith canno# have a
comment field. Comments would be interpreted as part of the literal
tFY, t.

Data constants

A "#° in the first position of the operand field causes the
expression which follows to be evaluated by the rules of address
e>;pression evaluation. The single byte which is generated is the law-
arder byte of the resultant two-byte evaluation.

Address constants

If the first character of the oGerand dces not meet ~n~~ Qf
the above criteria then the operand is evaluated as an address
expression as defined later. The two bytes rf data which are
generated are in the 650 adaress format, with the low-order byte
preceding the high-order byte. I2 should be noted that a BY7`
instruction such as=

BYT ~3GC

will not generate an address constant in the law-high format.
It is a herstring and will generate 03 CC. To get ar, address constani
it would be required to write an instruction such as=

BYT 9+~3CC

which would generate ~C 83, as expected.
The following will also generate the same address e>;pressiom=

MSU EQU S3CC
BYT MSG

The operand field

The operand field follows immediately after the mnemonic field
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and specifies to The Assembler the address of the data to be accessed
and the mode b~ which it will be addressed. There are actually 13
distinc# addressing modes by which the location of data is specified.
The format of the operand field determines which mode will 6e usesi and
therefore exactly which op-code will be generated and haw many bytes
of address data will be generated. Not all instructions may use the
same set of addressing modes. Appendix, A specifies the valid
addressing modes for each instruction or mnemonic.

address expressions

One of the great strengths of this assembler• is the ability to
create address e::pressions of great complexity for simplicity) wi#h
ease and flexibility. The term "address expression" is meant to
irclude the ''immediate" character and BYT data constants as well as
actual memory locations.

'Terms

There are five different Kinds of terms whicF~ may be
algebraicly combined in an address expression. Each has its own
distinguishing format to identify it.

IMcimal format

Arne term in an address expression which begins with 0-9 ar a
"." will he interpreted as a decimal term. Decimal terms may be
integers or may ~antain a decimal point and a fractional ~vmponent.
There is no practical upper or Iawer limit to their magni#ude.

Hexadecimal format

Hexadecimal terms are those which have a "~" as the first
character. AlI following characters, up till the next operator or the
end of the expressia~, must be 9-9, A-F.

Liter~I format

Any term in an address expression which begins with the
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character " "` will be interpreted as a literal. That is, the value
assigned to that term will be the ASCII value of the first character
to the right of the " "' . Any characters foliawing the first
character following the quote will be ignored.

Symbolic label

And term whieh daes not start with a "S" or a "'° ar a "a~' or
a ":` or a number t0-9) will 6e interpreted as a symbolic iabel. The
Assembler will search the entire ~irogram laoKing for a matc~i an the
1a6eI field. If Wane is found, ERR 3 will be generated. I# a match
is found: the term will 6e assigned the value o4 the address
assaci~te~ with the label. Labels may he of any length.

Location counter

The location taunter is The Assembler's equivalent of the
program taunter. The location taunter has the value of the current
address assigned to the first byte of an instruction. It is the
address at which the instruction will reside once The Loader POKES the
lead segment into memory. This assembler uses the "5Y' symbol to
signify the location counter. Most other assemblers use the "~"
symbol for this function. However, the "#" is interpreted by The
Assembler as a multiplication operator. The "5Y' symbol seems a
logical choice, being the "at" sign and signifying where we are °'at"
in memory. Any term which has "5Y' as its first character will have the
value of the location counter. Any following characters within the
term, should they exist, willbe ignored.

Algebruc operators

The various terms of the address expression may be combined
algebraicly by the following operators: + - ~ / ̂  & 9'0 As the
evaluation proceeds from left to right, each term is added ta,
suhtracted from, multiplied hy, etc. the result of the evaluation of
that portion of the expression to the left of the operator, giving a
new Current evaluation. The fractional portion of the result of any
operation will be carried into the next operation. The final
evaluation of the expression will trunca#e any fractional components
and will eonvert negative numbers into sixteen bit two`s complement
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values.

Addition ° +

Paq~ !t-6

The addition operator causes the term immediately 4ollowing
the "+" to be added to the result of the evaluation o4 the portion of
the expression to the left of #fie "+".

Subtrsctian

The subtraction operator causes the term to the right of the
minus sign to be subtracted from the expression to the left of the
minus.

l~ultiplicition ° #'

The multiplication operator causes the expression #o the lef#
of the " # " to be multiplied by the term to the right of the " ~ " .

DEVlflOfl a / r

The division operator causes the expression to the le4t o4
the " / " to be divided by the term to the right of the " / ".

Bxpor~entiatian • ̂ •

The power operator causes the expression to the left of tfie "
" to be raised to the power of the term to the right of the " ̀̀ ".

Fractional powers may be employed with decimal terms. It is therefore
ossible to da such things as taKe square roots with expressions such
as:

X~̂ .5

Logical AND ° & "

The logical AI1D operator causes the result of the evaluation
of the expression to the left of the "&" to be logically ANDed with
the term to the right of the "8~" . The logical AND operation compares
the two terms of the operation bit by bit, giving a result with a bit
set on in every bit position where both terms have a bit on. Its main
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use is to farce bits off in certain desired bit positions, while
retaining the status qua in all other positions.

Both the AND and the OR instruction have a restriction on the
range of the value of bath the expression to the left of the operator
and the term to the right of the operator. If either is greater than
32767. The Assembler will stop with an ILLEGAL QUANTITY ERROR. This
means that the range of address expressions which may be operated upon
by these operators must tre less than 58089. This restriction occur
because of the way the AND and OR operations are handled by the ViG.
It is possible to partially defeat this restrietion. Hy specifying an
expression such a~:

X-65536F~Y

the value of X may be in the range of 3763 to 65536 tE~@88 - ~FFFF).
Y must still be in the range of 0 #0 3707. This results in ANDing
the full !b bit values of X and Y. If both X and Y are greater than
32767, there is no provision for successfully ANDing or ORang the two
values n an address expression. Remember that XB~Y = Y&X and X9vY =
Y%X.

Logical OR " % "

The logical OR operator causes the result of the evaluation of
the expression to the left of the "9a" to be logically OR`ed with the
term to the right of the "%" . The logical OR operation compares the
two terms of the operation 6i# by bit, giving a result with a bit set
on in every bit position where either term has a bit on. Its main use
is to force a bit on in certain desired bit positions, while retaining
the status quo in all other positions. See the previous section for a
description of limitations upon the use of this instruction.

Bxpression evzluation

As has been indicated in previous sections, several terms may
be combined into an algebraic expression, the eventual evaluation of
which will result in the address specification. There are several
features of the evaluation algorithm which must be understood for
proper use of the algebraic capability. Firsts the order of
evaluation is not liKe BASIC. Here, the expression is evaluated from
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left to right, regardless of what operators appear in the expression.
For example, the expression:

LAF~i+GH%5C/IJ

would be evaluated in the fallowing way: The address of LA would be
AND'ed with the value i. The result would be added to the address of
GH. That result would be OR'ed with fBC. The result of that
operation would be divided by the address of IJ. The final massage o4
the expression converts negative expression values to a two`s
complement value by the addition of 65536 to the negative value. By
way of er.ample:

-i = fFFFF, -2 = SF~FE, -256 = fFF88, and -257 = fFEFF.

Finally, expressions which result in values greater than fFFFF
t6553b) are made modulo 65536. For example, 6553~s becomes 2, 65539
becomes 3, etc.

Complex equations

For those who wish to use more complex, equations than can be
handled by expressions which are evaluated strictly left to right, it
is passible to accommodate them by a series of EQU's which themselves
are e>;pressions. Far example, to represent an equation such as:

you could write the following code:

DE EQU D/E
FE EQU Ft~G
AEA EQU B+C-DE~FE

Much more complex, expressions may be represented in a similar fashion.

The comment field

Comments are entered on the statement line by sKipping at
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least one space after the operand field before keying the comment.
Comments are not allowed on BYT instructions which define literal
strings. Comments are useful for documentation but do consume memory
and so cause the number of statements per segment to be smaller.

Writing multiple segment programs

Ta write programs which are #oo long to fit in a single
segment, there is only one requirement. Ali references to labels
which occur in some other segment must have an EQU included in the
segments which reference them. It is therefore necessary to assemble
the segment with the naturally occurring label before a final assembly
04 the referencing segments.

Because The Assembler Keeps tracK of the location counter
between segment, it is not necessary to include an EQU at the
beginning of each subsequent segment to set the location counter. It
will, of course be necessary to set the location counter at the
beginning of the first segment. The default initial value of the
location counter is 8.
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Graphics on the VIC—i@

These ne>:t chapters wil3 a#temRt to e>;~,and upon tf~e
information found in the VIC-20 Programmer's Reference Guide tPRG).

The PRCi should be con=idered an indispensible reference tool. In it
you will find complete descripiians of the various special function
integrated circuits which maKe the VIC the powerful computer it is.
Also included is information on the VIC's memory organization and the
"Kernal" routines and rE~w to use ti~em.

This chapter will provide the machine language programmer's
per=pective on graphics gereratian. Joy stick and paddle usage and
sound generation will be covered in the following chapter. The Iasi
chapter will cover same of the internal programs contained in the
VIC`s ROM and the means by which you can maKe use ❑f them.

Custom Characters

The Video Interface Chip iVIC), a4#er which the VIC was named,
is the electronic machine, the integrated circuit within the VIC
which, among other things, causes patterns to be displayed an your•
video screen. It is also known as the 0560, or on some machines, the

c5ci. The VIC chip is connected to the c502 and the RAM and ROM of
the VIC via the address, data and con#rol busses. Its registers are
wired directly to the address bus and may be written into and read
from by any program running on the 6502. The registers occupy the

addresses 59800 t3b~64) to b900F (36879).

You have no doubt noticed that each character which is

displayed on your screen is a crmposite of up to 64 dots arranged in
an 8 by E~ blocK. The information which describes the characteristic
dot pattern of each character is stored in tha VIG's ROM.

A certain section of RAM is reserved for use by the VIC as
"screen" memory. There is one byte of screen memory reserved for every
character position on the screen. Since there are 22 columns and 23
rows there are 586 bytes of screen memory. Glhen data is stored into
screen memory if gets translated into dof patterns by the VIC chip.

The VIC chip interprets each byte in screen memory as a code which it
has to translate to find the proper pattern of dots to put on the
screen in tfie corresponding screen position.

The BASIC "PRINT" statement causes "screen codes" to be
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stored in screen memory. It is possible also to POKE screen codes
into screen memory. Machine language programs may store screen codes
into screen memory. A code stored in the first position of screen
memory represents the character to be displayed in the upper-left
corner of the screen. The 2nd position of screen memory contains the
code which represEnts the character which gets displayed in the upper
right corner of the screen. The 596th position of screen memory
contains the code far• the character in the lower right corner of the
screen.

The VIC chip automatically and continually scan= the screen
memory, getting one screen cads per screen location and translates the
screen code into an eig'ttt by eight doi pattern which it then sends to
the video output port to be displayed. in appendix D of the PRG there
is a table of screen codes and the corresponding characters which get
displayed. These are the standard characters which are burned into
the VIG's FtOM.

The screen codes are actually an index into an :~ x ~ pattern
table. Screen codes may have any value in the range of 8-~55. There
are therefore 156 different characters which may be displayed on a
VIC-28 screen at any one time and 256 entries in the pattern table.

Yau are probably aware that when you hold the Commodore and
the Shift keys down simultaneously, the characters which appear an the
sc, een are from a second character set. Une character set Contains
upper and lower case characters and the other contains upper case and
the graphics characters. There are two sets of Y x ~ patterns stored
in ROM and the VIC chip can be "switched" between the sets. In fact,
the VIG chip can be switched between several different table= of ~, >:
patterns: two stored in RQM and others created by the programmer and
stored in RAM.

Creating a pattern table is how custom characters and bit
image graphics is accomplished. The Qattern tables consist of 25c
sets ~f pattern=. Eac'r~ Ratter• set has eight b~~tes. The ~ x
pat#erns taKe eight bytes of data to describe each pattern. The first
byte represents tt~e taR row a# dots in the character. The second byte
represents the second from the top and so forth. A bit turned on in
any of the tytes will cause the corre=paneling dot an the screen to be
illuminated. The screen dots are also galled pixels which comes from
"picture elements".

The standard character set is stared in RCtM starting at 327c, .
The screen code "6" refers to the first 3-byte pattern, that of the
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character "~". The second character in the standard character RO M
starts at 3277b ar~d is the pattern far the letter "A" (screen code i).
Every eight bytes, another pattern is stored. This goes an far X56 ~-
byte patterns. The patterns for screen codes 128-255 are the
"reverse" of the first i2~ patterns. That is, where a bit is on in
one, it is off in the other.

Screen memory starts at either address 76~i0 (~lE801 if you
have 8K yr less memory or at 489b (b 10601 if you have mare then Pik.
The first byte of screen memory holds the screen code which causes the
corresponding 8 by ~ pattern to he displayed in the first column of
the first row of the screen. The first 22 positions of screen memory
correspond to the first row of the screen. The second 22 characters
correspond to the second row and so forth.

If, for example, the screen code "!" was found in location
76t~8 on an unexpanded VIC, the VIG chip, set to find the S x 8 pattern
table starting at 32768, would, in its continual scan of screen
memary~ find the value i, multiply it by eight to find the
displacement into the pattern table. Eight plus 3276 is 32776. It
would start at that address building the dot pattern to send to the
video screen. It finds the folimwing eight bytes of data starting at
32776:

addr dec hex binary

az~~b za pis eeei~eae
32?77 36 X24 881 8188
3277th BeS X42 k~1898818
32779 i2b ~7E A1111110
32788 6b X42 91888816
32781 66 X42 81A89010
32782 6b X42 81868816
32783 8X96 eaaeeeee

If you loaK a# the above pattern o4 ones and zeros, you will
be able to see the shape of the character "A" formed by the ones on
the bacKgraound of zeros. All of the characters' shapes are formed in
the same fashion. The characters you form in your program must follow
the same rules.

The information to tell the VIC chip where to find the pattern
table is stored in the register at location E9885 (36869). The low-
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order four bits (or low-order nybble? control the selection of the
sixteen passible character set tables. The method of selecting these
possible areas is as follows: Bits 3-8, the low-order nybble, of the
data stored at 36869 define which area a4 memory is to be used far the
character pattern table. The high-order nybble tells the VIC chip
where screen memory is located. More about that later. The fal2awing
table gives the sixteen possible values the character-table select
bits may have and the memory addresses which they cause the VIC chip
to use for the character patterns. The "r." in the first half of the
byte means that por#ion of the byte does not affect the selection.

be

~x8 ~8A88
~xl X8488
~x2 X8800
~x;~ 3~GBQ
~x4 X9088
~x5 X9480
~x6 ~9g08
~x7 X9406
~x8 X8089
~x9 -
~xFl -
~xB -
~xC ~i00@
~xD ~b1498
~xE X1800
~xF ~1C80

32768 N~
33792
34$16
X5840
36864
37~8~
38912
39936

4098
512b
614
71b~

armal Upper Case/graphics
Reverse of above
Normal UC/LC
Reverse a# above
UnaUailable
Unauailabte
Una~a i 7 abl e
Unavailable
Not recommended
Unavailable
Unavaitabie
UnauaitaGte
RAM
R~P1
RAiN
RF~M

A machine language routine to accomplish the switching might

SW Et~U ~vG L1]C 4696
Ski Et~U ~QD LOC 512
SW EQU 30E LDC 6i44
SW EQU ~aF LOC 71b8

LDA 36869 GEi' OLD
~1ND #~Ff~ GLEf~R LOW -SAVE HIGH
ORS #SW SET LC~W hl'YBBLE
ST~I 34869 RESET
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Of course, only one of the 5W EQU`s would he used, depending on
which area of IMAM you wanted to use for the new programmed character
set. All areas which you might use for your programmed character set
must be used with so+~e thought as to the consequences. All four areas
are suitable but they all fall within the memory space of BA5IC
programs on the unexpanded VIC and 4896 is where the screen memory is
on the expanded VIC. To use them in con,iunctiort with a BASIC program,
it will be necessary to modify the BASIC pointers which identify the
start and end of BASIC program memory space. These techniques are
spelled out in Appendix F. 71d~ is an interesting location far
character memory he~ause when it is specified, the first i2~
characters are user definable but character codes i28-255 cause the
VIC chip to select the standard upper case and graphics set. This can
be an advantage when you wish to have both programmable characters and
the standard characters. It can be a disadvantage if you are using
the bit-mapped graphics techniques explained below.

To create the new characters it is necessary to build a set of
8-byte patterns in the same way the original set is constructed. It
is not necessary to reserve a complete 2848 byte b1ocK of memory for a
complete 256 characters if you only have a few characters you wish to
ever see on the screen. However, you may not use more than one set of
characters at a time. Once the VIC chip's re4ister et X6869 tb9085)
has been set, the entire screen will be generated using the character
patterns found at the specified pattern table area.

Alternate Sa~eens

Having more than one screen in memory can he a nice feature

for crea#ing special effects or saving display information for later

use and other uses the fertile imagination can devise. Rapidly
switching 6etwQen two screens can create the effect of having a

foreground and bacKground. Whatever. The address of where

the active screen is must be stored into address 3x869 along with the

character pattern table address. It also has a component in address

36866. The process of setting up alternate screens is less than

straightforward but it still is manageable.
The starting address of screen memory has certain

restrictions. It must be an even multiple of 512. This is another

way of saying that the low-order byte and the law-order bit of the

high-order byte of the address of the start of screen memory must all
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be 8's. Furthermore, the high-order three bits of the address must be
zeros. The highest address which may therefore be assigned to screen
memory is 800! 1110 0090 8889 in binary, or 8SE80 in hex or 76&8
decimal. Of the is bits of the address of screen memory, only four
bits may be anything other than 9. These four bits, bits 12-9, are
the bits which must be stared in the VIC chip's registers to tell it
where to find screen memory. Bits 12-l8 get stored in the b-4 bits of
location 3b3b9. The 9 bit gets stored in the 7-bi# of location 368db.
It`s a little complicated but a simple set of assembler statements
will maKe the pro4rammer's job easier.

In the following program segment, ADR is the symbolic label
for the address of the memory location where your alternate screen
will be. ADS is the value computed from P.DR such tha# bits i2-10 of
ADR end up in the Qroper bit positions ib-4) of the Iow-order byie o4
the generated address, with ail other bits turned off idividing an
address by 1924 is the same as shifting alI the bits right i@ bit
positions and multiplying by !6 is the equivalent of shifting #hem
back #o the left four bit positions>. AD2 is the value ~amputed to
put the 9-bit of ADR into the high-order bit of the low-order byte of
AD2.

ADR EG~i1 ~18~~
DDB EQU ADR/1024
RGi Ei~U ADB*1b

AD2 EQU ADR/4
LDA :i68~9 uET OLD Vr~LUE
AND #~8F TURPJ OFF SEL BITS
ORS #AD1 SET SGREEP~ SEL BITS
STt~ .16869
L.Gf~ 368c56 GET OLD
AN1} ~7F TURN OFF ONLY HIGH BIT
ORA #A~2 fiET SEL EsIT
STf~ 3fi$db

This will worK if and only if the address specified in ADR has
its 9 low-order hits and its 3 high-order bits off, as required.
Otherwise strange results could occur.

Some other system data fielbs may have to be modified if you
are u=ing the operating system of the VIC to affect the screen. The
byte at location o48 tells the operating system which page the screen
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resides on.

~U3 EQl! F~DR,~25~
LU~I #AD3
STS i 5~u

Page !i-7

IS aii that is required. There are also 24 bytes of screen-wrap
information (tells the operating system which lines wrap around onto
the next line liKe in long BASIC statements) stored at locations 217
to X40 which may need to be saved and restored every time you switch
screens. Saving and restoring this information is only necessary if
you are using the operating system's screen display system.
Bit addressable Graphics

Bit addressable or Hi-res graphics are possible via the use of
the programmable character feature. The technique used is
straightforward. A black of the screen memory is pre-initialized to
contain a string of sequential screen codes (the first position of
screen memar~~ contains a 0, the second a i, the third a 2, etc.) The
screen memory is not further modified by the program creating the bit
addressable graphics. The character patterns (in the RAM character
pattern table which is addressed by the VIC chip) are modified by the
program instead of the screen memory. That is, the block of high-res
screen memory always contains the same screen codes the indexes to
the pattern table. The patterns are modified a bit at a time by
computing the proper bit position in the proper ~-bit row of the
proper character pattern.

The size of the hi-res b1ocK is a function of available
memory. The number of character patterns necessary to have a 125 bit
by 125 bit hi-res screen is 256. That would be a !b by ib b1ocK of 8
r, ~ characters. 25b characters taKe 284t~ bytes of pattern
information. To bit map the entire screen, it would taKe 22 x 23 or

506 distinct programmed characters. This is more than it is possible
to have active at one time. There is a solution to this problem,
however: double-high characters.

Double°high character

The ViC chip has the capability of interpreting the character
pattern table as a 3 >: i6 bit pattern rather than 8 r. 8. By setting
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the Iow-order bzt of location #9003 i3c867) to i, the VIC chip will be
made t~ genera#e ~~ dot wide b~~ ie dot high characters. Ta do this,
sixteen b;~tes of cnara~2er pattern information is pracessQd for any

givzn character code. The #axle of character patterns must be
constructed accorciirsgly. It is important to note that the character
Ratterr~ iabie will naw t~avE twice as many bytes of information far the
equivalent number of character codes. A full 256 character table will

take 409b bytes of RAM. This is more than is available vn the
unexpanded VIC. 50, if you wish to da fuli-screen high-resolution
platting, you must i-~ave eipansion memory.

The program in Appenoir. D sets pupa 128 x 12L~ hi-res b1o~K in
the center• of the screen and is designed to allow a BASIC program to
selectively turn on or off any bit in the matrix by simply poking the
pit pasitiors~ of the X and Y coordinates into zero page memory
Inca#ions and setting a aero page indicator switch to veil the program
wnet~er to turn t~~e bit o~ ~r cuff. Thia is very much like the samRle
program in the PRU e>;cept it is written in machine language and runs
many many times as fast.

Color controls

fihere are four kinds of color controls in two categories.
Hordes color refers to the color of the screen around the outside of
tie character display area of the screen. Background color refers to
the color of the character display area of the screen. Foreground
cal¢r refers to the color of the dots turned on within a character.
Aur,iliary color i=_ applicable only for multi-color mode of character
display.

The au::iliary and bacK4raund colors may have all id possible
different hues. The Border and foreground colors may have only the
first eight.

bode C:alor

~ - RIacK
i -White
2 -Red
3 - Cat an
4 - Magenta
5 -Green



Inside The VIC

c -Blue
7 - ~'eliow
- Orange

9 -tight Grange
18 - PinK
i i -Light Cyan
12 -Light Magenta
13 - Light Green
i4 -Light Blue
15 -Light Yellaw

Page !!-9

Both border and background colors are determined by the value

of the memory location ~989F (3b;~79). Background is set based an the

value of the four high-order bits, bits 7-4. The border color is set

in the three low-order bits, bits 2-8. The remaining bit, bit-3 in

this location determines whether the normal bacKground/foreground

colors are reversed or not. If the bit is on the background remains

fixed at the color specified in bits 7-4 and the foreground dots may

vary from character to character under cantroi of color memory as

described next. If it is off, the background color will vary from

character based an the values in character-color memory and the

foreground lthe dots3 will all be the constant co3or as selected in

#9b0F.
The foreground color is set for each character position on the

screen. There is a 58b byte block of RAM reserved for the purpose of

telling the VIC chip what colors to assign to the 5$6 screen

positions. This area of RAM starts at 59680 53~400> for systems with

up to ~iK of RAM and at 59409 (37888) for systems with more than 8K.

Each byte of color memory has the foreground color code in the

low-order three bits. This allows each character position on the

screen to have its color selectable.
The high-order four bits are insignificant. The value of bit-

3 is very significant, however. It selects the mode of interpretation

of the character pattern. The eight byte bit pattern array for each

character code can be interpreted by the VIC chip in two different

ways. So far, we have only looKed at the normal or "hi-res" mode of

interpretation. The second mode is called multi-color mode. Bit-3 of

each byte o4 color memory will cause the corresponding character

position on the screen to be generated in hi-res mode if the bit is a

8. It will cause multi-color to be in effect for that character if it
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is a 1.

Multi-color mode

in multi-calvr mode, the eight bytes of pattern information
are not seen as eight rows o4 eight dots as with high-res. The eight
bits of each row are seen as four two-bit color codes. This means
that in multi-color made the characters displayed on the screen
consist of eigh# caws of four dots each. Because the characters are
the same size and can be displayed at the same time as high-res
characters, the four horizontal dots in each row are twice as wide as
the single width dots of the hi-res characters. Another way of saying
this is: the multi-color mode Qf character display is o4 half the
resolution in the horizontal direction as the high-res mode.

With this mode, each character displayed may have up to four
different colors. Since the mode selection bit is settable for every
screen position, multi-color characters may be mixed with the single-
color characters on the screen.

The #wo-bit color codes which define the colors and are found
in the pattern table are:

69 - background
0! - border
i8 -foreground
ii - auxiliary

E>:ample=

Location E908E l3is~7~> which controls the aele~tian of the auxiliary
for all characters contains X28. This sets au>:iliary color to red.

Location 5908 (~6a79) which controls the selection of the bacKgraund
color and the border color contains ~4E. This sets the bacKground
color to magenta and the border color to blue.

Location 7080 t~1E90), the first character position of screen memory
contains a 9 which will cause the VIC chip to find the character
pattern definition at location 7168, the first pattern.

Location 3n489 tS9680), the color-code table position fora screen
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code of 8, contains the value fxR (xxxr. 1808) where >: indicates
unimportant. Signifies black foreground color and multi-color mode for
the first screen character position t b88 in bit positions 2-0 for
b1acK and i in bit position 3 for multi-color.

Locations 71b8 through 7175, the character pattern definition bytes
for character code 0, contain:

111! f!i! 5FF
1010 1819 bAA
810! 8181 555
8000 0880 L00
seal ieii sta
eeei ieii sie
ee0i ieii sis
8991 1811 ~iB

The character which will appear on the screen in the upper
left corner will have a red line across the top t four double wide

dots each with the auxiliary color of red). It will have biacK line
under the red Line {faux codes of 18 indicate four foreground color

dots). Beneath that will be a blue line (four barrier caivr dats7.
Beneath that will be a magenta line {four codes of 88 signify

background color). Below that will be four horizontal lines of
magenta, blue, 61ack and red going from left to right.

If you understand why all that is true then you have a goad
grasp of color gaphics on the VIC-28.
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SticKs and Sounds

JoysticKs

Page 12-!

Most input and output to and from the Vic-28 is accomplished
with the assistance of #wo integrated circuits, the 652 Versatile
Interface Adapters (VIAs). LiKe the VIG chip, these two devices are
in communication with the b502 and the ROM and RAM devices via the
addrQSS, data and control busses. The functioning of these chips is
under control of their sixteen internal addressable registers. Like
the VIG chip's registers, the VIAs`registers may be loaded and saved
by programs running on the b582. The 32 registers occupy the
addresses E9! 10 - S912F (37130 to 3716c:>.

The ViAs are very powerful and complex, devices. A complete
de5criptian of their use is beyond tha scope of this text, We will
present the general means of doing input and output through the VIAs
and the specific means cif programming for ,ioysticK and paddle use.
For a complete technical description of advanced usage and programming
of #hese devices, you should acquire the technical specifications from
MOS Technology.

Each of the b52~'s has two input/output ports. Each part is a
set of eight electrical connections between the data bus of the VIC
and world outside the VIC:. The ports are called port A and port B.
Each port has an associated data direction register ~DDR? which is
used to set the I/O port's eight Iines to either input or output or a
combination.

The L~DR for V!A #i, pert A, is found at address 59f 13 (37139).
Each of the port's eight lines to the outside world may be configured
at any time to either accept input in the form of a voltage signal or
to produce output as a voltage signal. Ali lines represent a load of
one standard TTL gate in the input mode and will drive one standard
TTL Ioad in the output mode.

The I/O lines of port A, VIA #i are designated lines 6-7. They
cc~rrespond to the bit positions 0-7 in memory location 59111 t37i37}.
Receiving input from or putting output to any individual line is ae
simple as reatiing from or writing to that memory location. First,
before actually reading or writing the data, it is necessary to tell
the VIA which lines are connected #o input devices and which are
connected to output devices.

The DDR's eight bits correspond to the eight bits of the I/O
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pori. Ta select any given line as an input line, the corresponding
bit cf t~~~ LOUR must be set to a 0. To identify a line of the part as
an output Line, the ~orresporEdinq hit in the DI7R must be set to a i.

'„'IH #i ~liA #2

Di~~ H •~GI13 ':3?1391 X9123 i37155~
Part k •~'~11I ~;:~:?:? ~~.vf~i ~:'i?15~i

UDF 8 w9ii2 c_?i3a? ~~91~2 ~:3715~)
Pert B ~9i1i~ t~?13,~:; ~~9~~~c~ ~;:~i~~-~:~

,Toysticks have five internai switches. They also have a source
or ~ vDif pDWet` wh?Ci'~ the switches direct to tt~e aG~propriat~ pins of
the connector. When the joystick is tipped in one of the four

dî e~tions the switch for that direction is closed, sending the °on"
signal {+5 vo2#s or a ainar~~ ii to the proper connettar pin. If the
,~aystick is moved to the diagonal c,asi#icon, both tree switches are
closed. The other swiicnes send the "off" signal t0 vol#s ar binary
8i. Tt~e fifth switch is the fire button, It's signal is a 0 unless
it is pressed, when it becomes a i. The connector Rins are directly

wired to the VIA I/O ports. There is a "TAP" tiî ectian indicated vn
ii1D5t ,j0'/Srt1CK5. The switch associated with that direction is connected
to bit-~ of VIA #1, Fort A. "Bottom", then is bit-3 of VIA #i, Port
A. °Left" is bit-4i same port. The fire button is bit-5, same port.
"tight" is at#ached to bit-7 of VFA #~, Part ~.

Sa, to sense the direction of the ,joystick and whether the fire
bu#ton is being pushed, two I/G ports have to be input to the program.
Fort f~ of VIA #i is used for the serial port as well as the game port
and Part B of VIA #2 is used for keyboard input as well as the game
port sa it is aevised #hat if you wish to use either of those devices
after doing ,joystick inpu# #hat you restore the original value of the
DDRs after doing your joystick reading.

The following program segment will =ave the DDRs, set them for
joystick input, read the joystick switches and save the switch values
as bits set in storage lc+cation 8.
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DUk1A ~~~LI ~~•9i 1:=
D~~~B Et~U ~~91:'_L
I ~1fis Ell Li ~~911 1
102E ~L~f i •~91

L~?%C ~~vY1ri

LQ'( UDR~B
LU~t #~~C3 IPdPL~T E~i?S 2,;~,~
STh DDR1l~

C~r~ i ~s }
~tP•1D #•~?F i=uRCE 7 BIT OFr
~Ta i~
ST::( CGR1~ ~~STt7P.E
LCa~ #~~7~ INPUT Bid 7
ST~i DDR2B
LUi-~ 1 ~J~B

~Pd~~ #~~~E~ t=~P.CE r~LL BiJT I F~I7 CsFF
uR~ 6 BLEND ~,JI i H HEST
5TH d
ST''( C~ti~2E~ Rt~Tt~FdE
KT5

Paddies

There mey be twa game ?addle=_. ~onnect~d to 2t~e VIA at the same
time° Each paddle has baih a switch and a value which varies as the
paridle is rotated. The variaGle value may have a value between 0 and
255. The switch will 6e either a ane or a zero. fihe X paddle`s
variable value may be read from lacaiion X909 s X30 ~72). The Y
paddle's variable value may be read from Iacation #9099 i3b873).
These are locations within the register yet cif the V?C chip. There is
no prepara#ion necessary to set up the reading of these values.

The switch settings of the iwo paddles is input in the
identical manner as the switches of the joysticks. In fact, the
switch for padsile X is the same oit, pert and VIA, as the "left° switch
of the joystick. Ant the Y paddle switch is the same as the "right"
switch. The same program as way given to read the ,j~ysticKs may be
used to read the paddle switches.

Sound Generation
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The V?~ chip has the additional function of providing sound
~~fect c~paoilities. There are five regis#er•s in the V>C chip wf~icn
are used tw control the soune~ functions. Sounds are generated b~~ the
~JIC chip and sent to the ~onnerted TV along wi#h the video signal.
The five registers are addressable by any program running on the VIC.
They are very simple #a program.

fih~ volume controi register shares location 36t~7S (~990E} with
the auxiliary color reQi=ter. The volume control is set in the low-
order four bits of 3b~?~ and the auxiliary color indicator is in the
high-order four bits. The volume may be set to a value from 0 to 15,
0 set#ing the volume off and f5 se#ting it at its highest setting.
The volume set#inq controls the volume of all four "voices"; bass,
al#o. soprano, and noise.

Each voice is independently controllable as to its frequency
but not its volume. The high-order bit of each voice register may be
considered as a voice "switch". If the bit is on i has value of f i,
the voice is activated. If it is a 0 or off, the voice is
deactivated. The remainder of the register, the low-order 7 bits.
control the frequency of the sound generated.

iJ5 TV sets. tNTSC standard), differ from European sets in the
frequency range of each voice. All of the voices may be heard
simultaneously if trey are all switched on or any combination may be
on at any one time. The general formula for equating frequencys from
register values is=

Freq = C1ocK / t 127 - X?

where X is the 7-bit register value in the range of 9 to 12b. For X =
127, the 4ormula is:

Freq = Clock J l~ti

The folawing table summarizes the various voices♦ their "C1ocK" values
and the memory locations of their registers
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~aice~ address clack
NT~C (L!S T'J's:~ PAL iEuropean?

tic~5~ ,3t4~'7~ $~l1C~fi ,i9'~rJ ~~i19

~1 to 36~t75 ~96~8 799 8d5'~
::prnc~ i~~7~ ~gE+OC i~98E~ i7~2~
4`doise 3b877 '~9~aD 31940 3464

The theory ar~d techniQues of music synthesis and sound effects
is beyond the scope of this ~e>:t, but both the Programmer`s Reference
wide and the VIC-20 User's Guide provide sorrEe infarmatian ~n creating
sound effects and musical effec#s.
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VIC Internals

Page 13-!

The VIC-20 comes with i6k of ROM in w'trich the internal
operating programs reside. These are the programs which interpret
BASIC programs and which control the input and output devices which
came with the VIC and those which can be added. This b1acK of memory
extends from bC000 TO fFFFF. Same of the internal programs have been
documented by commodore in their Programmer's Reference Guide. These
are who# they call the "Kernal" pra4rams. They deal mainly with
input/output tI/0) processing an the VIC. This text will not attempt
to duplicate the information provided in the PRG. It i5 once again
strongly recommended that you obtain a copy of that reference warK.

There are many other subroutines included in the VIC's ROM
which are not covered in the PRG. We will attempt to provide
information on using the more useful of those. We will also present a
Iist of the entry paints of the remainder. Those which are not
discussed in detail may to decoded with the Decoder for your
inspection and understanding.

Arithmetic routines

As BASIC processes your arithmetic expresions: it uses a
variety of machine language subroutines to do addition, subtraction,

exponentiation, trig 4unctions, etc. These subroutines are available
to the machine language pragrarn far accomplishing the same functions.

They are all fairly similiar in the conventions of their use, i.e. the
means of passing ¢arameters, getting the results, etc.

Numbers in BASIC may be expressed as either integers or as
"floating point" numbers. Integers have no fractional component.
They are sixteEn bit signed numbers wf~icr~ may have the range of
32767 to 3270. Negative numbers are eypressed in two's complement

notation as discussed in chapter four.
BASIC does all its computations in floating point mode.

Floating paint numbers have fractional components. They are composed
of three portions, the e>;ponent, the mantissa and the sign. The

exponent occupies one byte and its binary value is 12c~ greater tf~an
the e:;ponent being expressed. The value of the expressed exponent is

the number of bits which the mantissa needs to be shifted. Since the
exponent expression is stored in "excess i2~", the range of actual
er,ponents is -!2& to i27 (stared as 0 #o X55). Negative exponents
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mean the mantissa (as stored) needs #0 5e shifted to the right and
positive exponents means the mantissa needs to be shifted to the left.

The mantissa is a four byte binary value. It is the shifted
value of the number to be expressed. This is liKe scientific notation
as used in physics and chemistry. The decimal system of scientific
notation would express the number i287b54~.765 as !.2876543765 # i0
raised to the 7th power. In BASIC you would see this number printed
as i.2t~765487b5 E07. A decimal exponent of 7 in scientific notation
means the decimal point needs to be shifted 7 places to the right. Qr
that the mantissa needs to be multiplied by i0 raised to the seventh
power.

It worKs the same way with floating point numbers except the
mantissa is in binary and it needs to be multiplied by 2 raised to the
power of the exponent. Multiplying a binary number by two is the same
as shifting it one bit position. e.g. 6 = 9080 8118 and 12 = 8808
!!@8.

CBM BASIC always normalizes the mantissa before saving it in
the floating point format. This means that it shifts it so the
leftmost bit is always a one bit. The number 6 (binary value = 8880
0110) would be shifted so that the normalized mantissa would be 1188
8899. What goes into the exponent field is !2R plus the number of
significant bit positions in the original number, 0@00 @ii0 has three
significant bit positions: so the exponent wau2d be f~i.

A few examples will he helpful. The binary representation of
the floating point storage of the number 6 is:

1098 6@1I 2188 D0@C7 ~60A 8880 X898 8008 0086 0680
131 192 0 6 b
X83

---------
~Ca

----------------------------------------
~0~ ~0@ ~~30

------
exponent mantissa

The exponent o4 i31 represents an actual exponent of 3 ti8i -
12~3). You may consider the mantissa as a fraction with the radix
point (decimal point or, rather, binary paint) just tv its left. The
amount it must be shifted to qet bacK to a its actual value is three
fit positions. In other wards, the radix, point must be shif#ed from
the left of the binary number three places to the right.
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Other examples:
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The numt~er 1 ~:C+vGE+ E+0(ii~

ic,oa ~er~i ~~aae ao~e ea~a ~aa~+ a~,ae r~o~o ~aoa~ ~o~,o
I29 128 0 H 6

psi use sae $aa Sao
--------- ----------------------------------------------
exponent mantissa

the number ~~ ~:l~L~C~a 6►~10)

16l~~3 001 109 ~0~6 00@@ 0a00 ~t+0F1 0090 000a 6000

i2~ ins a a o
~sz Asa ~~ae ~iat~ ~~+~

--------- ----------------------------------------------
exponent mantissa

The r~umt,Er ~ ~.~a~~ i~6117

fF2fa~:+ ~3~71v 11Q0 0~6b 66da (~+3C~6 ~t~0b ~iO~tQ 8aQ0 8fl{~0
12y 1~2 b E+ Q

~~z ~c~ ~~~ ~aa ~~o
--------- ----------------------------------------------
exponent man#issa

ihE number ~S` {f71E~~ 0~6i7

i~i+6 ~i11 10f~~3 6016 aOC~Q 0i+t3E~ UC~~Q bOC~e l~C~OE~ OQE~~2

I i:, i 3~+ ~ 0 8

~8? •~82 X60 ~0~ ~01~

exponent mantissa

The sign of the number is carried in the high-order bit of the
byte fallowing the mantissa. If the sign bit is on, the number is

negative. If off it is positive.
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There are two floating point accumulators maintained by BASIC,
FACT and FAC2. FAC! is located at fdi-#db i97-103) and FAC2 is at
f69-f6E ii85-ili>. These two accumulators are used for all
mathematical operations. Following the FACs, at 56F (1111 is a sign
comparison flag. The high-order bit, if on, signifies the two FAC's
are of differing signs.

Arithmetic routines

The following routines perform mathematical operations using
the floating point accumulators FACT and FAC2 and values stored in
other memory locations. Each routine may be executed by a JSR
instruction to the indicated entry point. Re#erences to memory
locations ere frequently communicated to various routines by an
address contained in the A-reg iLSB} and the Y-reg EM5B). We will
refer to this format as format-f.

Most of the following routines use the A-reg, X-reg and Y-reg
for communication. It is an interesting fact that when a SYS is done
from BASIC, these three registers are loaded from memory locations
7L~0, 7~ii and 7~~ respectively. If is therefore possible to call the
following routines and those in the Kernal from BA5IC by SY5ing to
them after setting up the three register storage by#es.

Integer to FACT - fD39! t54l6i)
A two-byte integer value in format-1 is converted to a floating

point number stored in FAC1.

FAC! to Irrteger fDiAA t53b74)
The FACT is converted to a two-byte integer which is saved into

locations ~64,~65 (!88,10!). The FAC! is destroyed.

Memory to FACT fDBA2 (56226)
A five-byte floating point number anywhere in memory is loaded

into FACT. The address of the starting memory location is in format-
1. The sign flag of FACT is set on if the high-order bi# of the
mantissa is a one, else it is set off. The exponent is returned in
the A-reg.
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ASCII to FACT fD7B5 (55221?
An ASCII string is converted to floating point format and saved

in the FACT. The string may be anywhere in memory and the address of
the starting location must be pointed to by the utility string pointer
at S«,#23 (34,35). The length of the string must be loaded into the
A-reg.

FACT to ASCII fDDDD (5b797)
The ASCII representation of the value in FAC! will be saved

starting at f8108 (256] and continuing until a X98 is encountered.

Memory to FAC2 fDA8C (55948)
Same as above except using FAC2 and the sign comparison flag is

set. The exponent of FRCS is returned in the A-reg.

FACT to Memory fDBD7 (Sd279)
The FACT is stored into any five byte memory location. The MSB

of the address of the start of the memory location is passed in the X-
reg. The LSB is in the Y-reg. The high-order bit of the mantissa
field is forced to the FAC1 sign flag.

FAC2 to FACT fDBFC t5631b)
A simple move is performed from FAC2 to FACT. FAC2 is not

affected.

FACT to FAC2 fDCBF (56335)
A simple move is performed from FAGS to FAC2. FAC! is not

affected.

Logical AND of FAC! and FAC2 tCFB9 (53225)
FAC1 and FAC2 are logically ANDed together, the result ending

up in FACT

Logical OR of FAC! and FAC2 tCFB6 (53222)
FAG! and FAC2 are logically ORed together, the result ending up

in FACT

FAC! = FACi - FACt fD853 (55379)
FAC2 is subtracted from FACT, the result replacing FACT. FAC2
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is not affected.

Pa9~ l3-6

FACT = FAC! + FAC2 ~D86A X55482)
FACT is replaced by the sum of FACT and FAC2. It is necessary

to set the sign compare flag prior to calling this routine. This is
done by EORing locations X66 and SbE (182 and i i8) and storing the
result in f6F. It is also necessary to load the A-reg with the value
found in X61 (97). Note that both of these functions are done by the
Mem to FAC2 routine.

FACT = FAC! ~ FAC2 fDA39 (55856)
FACT is replaced by the product of FACT AND FAC2. The same

notes apply as for the above routine. An alternate entry point for
this routine is LD828 (5548). This entry point will execute the
memeory to FAC2 routine before doing the multiplication.

FAC1 =LOG (FACT) fD9BA 155786)
FAC! is replaced by the LOG of FACT.

FACT = FAC2 / FACi fDBi2 156882)
FACT is replaced by the goutient of FACZ and FACT. The same

notes apply as for addition. However by JSRing to EDB@F {Sb879)
instead, the loading of the FAC2 from memory will be accomplished
prior to doing the division.

FAC! a FAC2 ̂  FACi :DF7B t572i!)
FAC! is replaced with FAC2 raised to the power of FACT. Same

comments as for addition. Hy using the fDF78 (5728) entry point, the
routine to load FACT from memory may be executed prior to the
exponentiation rou#ine. The Memory to FAC1 rou#ine does not properly
set the sign compare flag however. Also note that when using these
alternate entry points, the same setup of the A-reg and Y-reg must be
performed as per Mem-to-FAC routines before calling the desired
arithmetic routine.

FAC! = FAC! / !A fDAFB (56e62)
FACT is replated by FACT / 18.

Copan FACT uid Memory_ fDCSB t564ii)
The A-reg is set depending on the result of the compare between
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FACT and some floating point number in a specified memory location.
If they are equal, the result is 8; if they are not equal the result
is 5FF (255). The address of the start of the memory location is in
format-i.

FAC! = AHS t FAC!) fDC58 15649$)
The FACT is replaced by the absolute value of FACT.

FACT = IHT (FACT) :DCCC (Sb524)
The FACT is replaced by the integer portion of FACT.

FACT = SGN t FACT) fDC39 t5b377>
The FACT is replaced by the value @ if it was a zero, by ! i4 it

was greater than zero and by -i if it was less than zero.

FACT = St~R t FACT ? SDF7! (5726!)
The FACT is replaced by the square root of FA~i.

FACT = BXP (FACT) fDFBD 157325)
The FAC! is replaced by the value computed by raising e of

natural logarithm fame to the power of FACT.

FACT = COS t FACT) :62b! (57953)
The FAGi is replaced by the Cosine of FACT expressed in radians.

FAC! = SIK t FAC!) fDC58 (564~8~
The FACT is replaced by the Sine of FACT expressed in radians.

FACT = TAN t FACT l f82Bi 158933)
The FACS is replaced by the tangent of FAC! expressed in radians.

FAC! = ATN t FACT) fB3AB (58123)
The FACT is replaced by the arctangent of FA~i expressed in

radians.

Inpert/Output routir~ts

Nost of the I/O routines are presented in the PRG but there are
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two more presented here which do not appear there.

Input in#o BASIC buffer fC568 (56528?
The 38 byte BASIC input buffer starting at S020A (512) is

filled with characters from the keyboard. A [Return] terminates the
input and a f88 signifies the end of the message in the buffer.

Output string #o screen ~CBiB (5!998)
The starting address of a string of ASCII characters to be

printed on the screen is set in format-i. The string must be
terminated by a f88.
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Appendix A

Ptge A-i

Mode 1
------------------------------------------------

2 3 4 5 6 7 8 9 18 11 12 13

ADC x x x x x x x
------
x

AND x x x x x x x x

ASL x x x x x
BCC X

BCS X

BEQ X

BIT x x
BMI X

BNE X

BPL x

B~~ x

BV C x

BV S x

CLC x

CLD X

CLI x

CLV X

CMP x x x x x x x x

CPX x x x
CPY x x x
DEC x x x x
DEX x

DEY X

FOR x x x x x x x x

INC x x x x
INX x

INY X

JMP x x

JSR X

LDA x x x x x x x x
LDX x x x x x
LDY x x x x x
LSR x x x x x
NOP X
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Mode 1 2 3 4 5 6 7 8 9 1 A l i 12 13
------------------------------------------------------

ORA x x x
PHA
PHP
PLA
PLP
ROL x x x
ROR x x x
RTI
RTS
SBC x x x
SEC
SED
SEI
ST~1 x x
5TX x
STY x x
TAX
TA''f
T 5::<
T:{R
T'~ S
TYR

Modes:
1 - Accumulator
- Immediate

3 - Zero page
4 - Zero page ,:X
5 - Zero page,Y
6 - Absolute

x x x x x
x
x
x
x

x x
x x

x
x

x x x x x
x
x
x

x x x x x
x x

x
x
x

x
x
x

7 - Absotute,X
8 - Absolute,Y
'~ - Implied
10 - Relative
11 - tIndirect,X)
12 - {Indirect),Y
13 - {Indirecti
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Auto—Start Cartridges

Page C-i

The VIC-28 has a feature which allows a program in ROM

starting at bA898 (409b9) to sieze control of the machine at power-up

and RESET times without any further intervention required an the part

of the operator.
At power-up time one of the very first things the operating

system does is chetK for a five character sequence starting at
location SA804. If it finds f41,S38,LC3,5C2,fCD it will automatically

jump to the address it found at ~A888,SA981. A second address is

stored in 5A802,5A983. This is the address of the CRE5TORE] key

processing routine.
In order to create a cartridge with Read Only Memory, it will

be necessary #o have a prom programmer. This is a device which

"burns" PRQMs. PROMS are programmable read only memorys. A PROM may

be programmed or burned by applying the proper voltages and following

the prescribed timing rules of the device being programmed: These

functions are carefully controlled with a PROM programmer. Various
sources exist for these devices and it is not horribly difficult to
build your own if you have some electronic SK3115. Several such

projects have been described in the popular computing magazines. The

PRG contains the necessary information on the electrical definition of

the expansion port where the cartridges attach to the VIC.

Some of the currently available cartridges actually contain

BASIC programs. To do this, they do the BASIC setup routines in

machine language followed by putting "RUN" followed by313 (carriage

re#urn) in the BASIC keyboard buffer at 63l-648 and jumping to the

print READY routine. The following example came out of such a

cartridge:

PLA RESTORE KEY PROCESSING
TFIY
PLA
TAX
PLA
RTI
JSk 6989 Mt~INLINE PROCESSIhdG
JSR 64858
JSR 65817
CLI JSR 58459
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JSR 58276
JSR 58372
LD`.0 #251
T~~C S
LDA #113 SET UP START OF
STA 43 BASIC TO BE
LDA #i6C~ 41873
5Ta 44
LDS #109
ETA X88 DISF~BLE STQP KEY
L6A 48080 CHECK FOP. IEEE488
LDY #9
CMP #182
BEQ 3+2
LD'Y #3
ST'Y 19g # CHARS IN BUFFER
LD:~ #i9

LI~OP LUA TABLE ,:X
STA 530,Y
DE:*C
DEY
RPJE LOOP
JMP 56292 PRINT REF1D'f

TABLE ECRU X1856
BYT ~53D933~#5333A51D5~U

Page C-2

The information in the table is 5Y54E4:RUNCR] in abbreviated
command format. The BASIC program starts at 41@73. Variable storage
will still be in low-memory RAM, since those pointers were never
disrupted fram the time of vector initialization.
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Appendix B

Page H—i

Dec Hex Binary Dec Hex Binary Dec Nex Binary Dec Hex Binary

8 3B8 8888 8888 32 S28 9818 8888 64 348 8188 BA88
1 38! 6888 8881 33 421 9818 8881 65 44] 8188 9681
2 X82 8888 8818 39 q22 9818 9818 66 342 8188 8819
3 383 8889 8811 35 323 8818 @8Ii 67 443 8189 8911
4 384 8888 819A 3b 324 8818 8188 b9 444 8188 8188
5 485 8888 8181 37 425 8618 8191 d9 345 8189 B18I
b f86 8888 8128 38 s26 8A18 8118 78 346 818A 811A
7 38J 8888 81f1 39 327 8818 8111 71 447 8188 8111
9 388 8889 iB88 48 828 8818 1888 72 X48 8198 8889
9 989 8888 f9B1 4i 429 8818 1881 73 349 8188 1883
18 38A 8888 f81B 42 32A A8I6 1818 74 34A 8188 1818
11 398 8988 f811 93 328 9818 18~i 75 348 8]88 2811
12 38C 8888 1189 44 32C 8816 1188 76 44C 8588 1188
13 38D 8868 1181 45 32D 8818 1~8I 77 44D 8168 1181
14 30E 8888 1118 4b 32E A818 1118 78 ~4E 8188 1118
15 38f 8988 11f1 47 32F BB1A 1111 79 34F 8188 1111
i6 318 8881 8888 48 338 8811 8888 89 459 8181 8886
11 321 888! 8883 49 S31 Bali 889} 81 35f 8181 888f
18 512 eeai ~eie 58 q32 8811 8818 82 452 8181 8918
}9 313 8881 9811 Si 333 8811 8811 83 S53 9f 8i 8811
28 314 888! 8188 52 334 8811 8188 84 S54 8181 BIBB
21 435 88A] 8381 53 335 8811 8181 85 355 8181 B~BI
22 ~1S 8881 8118 54 ~3b 8811 8118 86 35d 8181 8119
23 117 8A81 A]I1 55 137 8A11 8111 87 357 918f 8111
24 318 8881 1888 5d 338 8911 1898 88 358 8181 1888
25 919 8981 1881 57 f39 9811 18A1 84 354 9181 1881
2b 31A 8881 1818 58 33A 8811 1818 48 45A 8181 1818
27 SIB 8881 1811 54 338 88]] ]811 91 458 8181 1611
28 t1C 8881 1188 68 33C 8811 1188 92 45C 8181 1188
24 31D 8881 1181 6} s3D 9811 118] 93 SSD 8f81 1181
3A S1E 8881 if 1B b2 43E 8A11 1118 44 35E 81A1 1118
32 31f 8881 1111 63 33F 9811 11lI 45 45F 8i8f 1111

9b 368 8118 8888
47 X61 8318 8881
98 362 8118 8818
99 463 9I~8 8911
198 464 8118 8188
181 3b5 8118 8181
182 3b6 8118 8118
183 467 8118 9111
184 468 8118 1888
185 X64 81 8 1881
186 36A 9118 1818
f87 468 8118 1811
198 4bC 8119 1189
184 464 8]]B 1181
118 36E 8118 1118
111 46F Al1B 11]1
112 79 8111 8888
II3 471 91f1 8881
114 477 8f11 B81A
115 473 8111 8811
Sld 474 8111 818A
117 375 8111 8181
118 37b 9111 8118
if9 377 9111 81ST
!29 3J8 8111 1888
S21 S79 81II I891
122 37A 8111 1818
123 378 911] 1913
124 37C 8111 1188
125 37D 81]1 1181
126 37E A111 1118
127 S7F 8111 1111
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Dec Nex Binary Dec Nex Binary Dec Hex Binary Qe~ Hex Binary

128 388 1888 8888 168 3A8
~z9 psi ieae eeei i6i say
138 382 ]888 8918 S62 3R2
131 383 1888 8811 163 4A3
132 ~$4 ]688 8188 l64 3A4
133 385 i898 8181 Ids gA5
134 386 1888 81]8 1b6 4A6
135 3$7 X888 9111 ib7 i~7
13b 388 1888 1888 168 3A8
137 389 1888 1881 I69 3A9
13$ 48A 1888 1818 ]78 3AR
139 488 1888 1811 171 3AB
148 48C 1888 1188 172 3RC
141 38D 1888 1181 173 fAD
142 48E 1888 1118 179 4AE
143 38F 18A9 111] 175 3AF
144 498 lBBf 8888 176 AB8
145 391 1881 8A81 177 381
14d 392 !88] 8818 178 382
147 393 1881 8811 I79 X83
148 394 iaei epee 188 384
149 495 1881 8181 181 fB5
158 39d 1881 8118 1$2 38b
15] 497 1881 8111 183 387
152 398 1981 f8B8 184 3B$
153 X99 i88f 1881 185 ~B9
154 t9A 1881 1818 186 3BA
155 498 1881 1811 187 368
156 39C 1881 if 88 188 38C
157 49D 1881 1181 189 3BD
~5B :9E 1891 1118 199 3BE
159 39F 1881 1111 191 3BF

1818 988A
ieie eeei
1818 8818
5818 8811
1818 8188
1818 8181
1818 8118
1B1A 8111
]Ai8 1888
1816 1861
1818 1818
IA19 1811
~eie iiee
1818 1191
1818 1118
1818 1111
I81! 8888
1811 888f
181] 8818
1811 8811
1811 8198
1A11 818!
1811 8118
1811 8111
18]] 1888
1611 1881
1811 lAfB
IB1I 1811
]811 ]188
5811 1181
181] 1118
1811 1111

192 3CB
193 #C1
194 3G2
195 ~C3
196 4C4
197 3CS
198 3C6
199 3C7
286 ~G8
281 3C9
282 ACA
2A3 GCB
284 SCC
825 3CD
ZBb 3CE
287 fCF
288 3D8
299 4D1
2!8 3D2
211 4D3
P17 4D4
213 3D5
2I4 4D6
215 3D7
21b 3D8
217 4D9
2]8 3DR
219 3DB
228 4DC
221 gDD
222 3DE
223 3DF

iiae ease 224 3E8 ill@ 8886
1188 8681 225 ~E1 1118 6881
iS68 8838 226 3E2 ]i19 8818
1188 8811 227 ~E3 1118 8811
2188 A188 228 3E4 i1]9 8188
1188 8181 229 #E5 1118 8181
1188 8118 238 3Ed 1119 8116
1188 8111 231 3E7 1118 8111
i}A8 8888 232 DES 1118 1888
1198 1891 233 3E9 ii18 1881
1188 1818 234 AEA ii18 i81B
5188 1811 235 3EB 1118 1811
SI88 1188 236 3EC 1118 1198
1188 1181 237 QED 1118 1181
1188 116 238 #EE 11~b S1f9
1189 1111 239 3EF 1118 1111
1181 8886 248 3~8 I111 8898
1181 8681 241 3f1 llli 8881
f181 8818 242 3f2 1i11 8818
1181 8811 243 ~F2 1111 8811
11BI 8188 244 3F4 f111 8189
1181 8181 245 3~5 11I1 8181
1111 8]]9 24b 3Fb 1111 8Ii8
1181 Blii 247 3F7 1111 8111
118] 1888 248 3F8 1111 1888
1191 1881 249 3f9 1111 1881
]181 1818 258 4FR 1111 1818
1181 1811 251 3FB 1111 1811
IfBf 1188 252 ~fC 1111 1188
1181 1181 253 fFD 11i~ 1181
1181 }118 254 4FE 1111 1118
1181 1111 255 3FF 1111 1111
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VIC 20 Memory Map

Her. Decimal Function

Pige D-!

0888 6-2 USR function jump
6803 ~-4 Flaat-;tinteger
0005 5-6 Integer-?float
9097 7 Search char ":" or endline
0008 t3 5can btwn quotes flag - 80 as delimeter
0809 9 Column pos of cursor on line
A09r~ 10 Verify flag (B=Load/i=Verify?
b6~B 11 Basic input buffer pointer/#subscripts
H00C 12 DIM flag
aae~~ 13 Variable flag - type:FF=string - b8=numeric
6a8E I4 Integer flag - type:89=integer - 88=floating pnt.

068E i5 DATA scan flag/LIST Quote flag/memory flag

801 @ 16 Subscript f1ag;FNx flag
0011 17 Flags fir input ar read t8=input - d4=qet - l52=read
80 12 I t~ ATN sign flag comparison evalua#ion flag

9A 13 19 Current I/O device for prompt suppress
HH 14 20-21 Basic integer adr.tfor 5YS - GOTO etc)
b81 b 22 Temporary string descriptor stacK pointer
DD 17 23-24 Last temporary string vector
E~019 15-3;~ StacK of descriptors for temporary strings
0022 34-35 Pointer for number transfer
0024 36-37 Misc number pointer
0026 38-42 Prodct area for mult
8A2B 43-44 Painter to start o4 Basic
6@2~ ~5-46 Pointer to end of prog.start of variables
002E 47-48 Pointer to end of variables start of arrays
8631 49-58 Pointer to end of arrays
0833 51-52 Pointer to start of active strng spce(coming dwn>
~H35 53-54 Pointer to top of active strings
6637 55-56 Pointer to end of memory
0939 57-58 Current Basic line number
8038 59°68 Prev BASIC line num
Q03D 61-62 Previous BASIS statement (for CONT)
683E 63-64 Line number -current DATA line
941 65-6b Pointer to current DATA item
9843 67-68 Input vector
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?~~x Liecimal Function

X845 39-7~ Current variable name
8~~7 7f-7~ Current variable address
0949 ?3-7~ Variable painter 4or FOR/NEX°i'
8846 7~~-7~ Y save;'new ~p save/curr op pointer

Page D-2

0Ct4D 77 Special mask for curr oprtr;Compari.sa~ symbol
8@4E 78-79 Misc, worK area function def pointer hi-Io
~365~ 8e-81 Work area pointer to strng descrptn
X852 82 Length of above string
0653 83 Constant used by garbage colleet - 3 or 7
0854 84-85 Jump vector for functions
8 57 ~7-9~ Mist. numerical storage area
X861 97-l~2 FAC#i
9Db7 1 ~3 Series evaluation car~stant porter
8868 164 FAC#i high ord propogation
8009 1 ~S-1 18 Accumulator #2
00e5F 111 Sign comparison - FACi vs FAC2
6 A 78 1 i 2 Law order rounding byte for Acc# 1
A071 113-1 14 Cassette buffer length/series pointer
~+0?3 1 1 ~-1 ~8 Subrtn:Get Basic char;7A - 7B=pointerSCHARGOT)
0088 139-1 ~3 RND storage and worK area
9898 144 Status ST
@~91 I45 Stop Key flag: Keyswitch pia.
A891 14b Timing cflnstant for tape
905+3 147 Load ar verify flag L=8/V=1
C~~G~ 1~~ Serial output/deferred char flag
8Q95 149 Serial deferred character
689'b 158 Tape EOT recvd
~~9i I51 Register save area
~i~9~s 152 #open files
8699 1 ~3 Input device# - normally 8
989r~ 154 Ch~~put GMD device - normally 3
E~E~9C i55 Tape character parity
QBQG 1 ~b Cassette dipole switch
8H9C~ i 5~ QS message flag - direct=b~8 -run=0
889E 1 ~~ Cassette error pass i
88 S+F 1 ~Y Cassette error pass 2
adt~0 1b9-162 Jiffy c1ocK (HML)
0E~A3 163 Serial bit count
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Her, Decimal Function

Page D-3

96w4 104 Cycle counterfor serial I/O
HbAS 1 e5 Cntdwn for tape write
ESE+H6 16b Cassette buffer pointer
NA~17 167 RS-~32 input bit storage/Tape shrtcnt
oOAa lb8 R5-232 bit cnt in/ Tape read error
~b~t9 i 69 RS-232 flag start bit c1(/Tape rd bit err
9b~1H 176 RS-232 byte buffer/Tape rd mode
E a~1B 171 RS-23~ parity storage/Tape chKsum
00HC ! 7~-173 Tape start addrltape buffer / scrcalling

80F~~ 174-175 Tape end addr/end of current program
06BE~ 176-177 Tape timing constants
8662 178-179 Addr of tape buffer
0084 180 RS-232 transmitter bit cnt out
x+085 181 RS-232 transmitter nxt bit to be sent
6F~B6 182 RS-232 transmitter byte buffer
0Gfi7 183 Length of current file name string
0088 1£~4 Current logical file number
0089 185 Curr secondary addr - or R/W command
~BBA 186 Curr device number
~~BB 187 Addr of turr file name string
OeBG 189 RS-232 write shift word/Receive input char
QOBE 198 #blvcKs remaining to read/write
88BF 191 Serial word buffer
eOCB 192 Cass motor interlock
~8G1 193-194 Tape start addr{load)
06C3 195-19b KERNAL setup pointer
0005 197 Matrix co-ordinates of Key pressed
6006 198 #of characters in Keybrd buffer
00C? 199 Reverse mode flag - 8=off - 18=on
9aC8 2A8 End of line far input painter
06C9 201-282 Cursor log(row - columnl
80CB 2A3 Which Key - 64 if no Key
eacc X04 Cursor h1inK enabled flag - 8=on - 1=off
86CD 285 Delay before cursor blinKs
00CE 286 Character under cursor
AOCF 2A7 Cursor on/off b1inK flag
00D6 208 Input from screen/keybrd
88D1 289-218 Screen addrirow}pointer screen memory)
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Hex Decimal Function

8 ~ D3 21 1 Position of cursor on curr line
0a~i4 X12 O.uotQ mode flag f8=off ! 1=on)
88D5 213 Line length for screen i22/44/6b/R8)
00D6 214 Current screen line number
90D? 215 ASGIi value of last key press
00D8 216 # of inserts outstanding
88D9 217-241 Screen line link table
H0F2 24r Screen row marker
08F3 24~-244 Screen color ptr
00F5 245-246 Keyscan table indirect
6~3F7 2~7-248 pointer to RS-232 receive buffer addr
adF9 X49-250 Fointer to RS-23~ transmitter buffer addr
O~FB 251-254 Free zero page locations
00FF X55 EASI~ storage
01 ~8 25d-2~6 Floating to ASCII worK area
9166 25b-318 Tape error log
61 C~a 25d-511 Processor stack area
0288 X11-~5a~ Basic input buffer
N~ 259 801-b 16 Logical file number #able
0263 ,311-62e Device number table
926D 521-6,~0 5econdary addr of R/W cmd -table
0277 X31-646 Keyboard buffer
82 31 fi~#1-6~1 Start of memory
0283 b43-644 Tap of memory
8285 d45 Serial timeout flag
0286 64b Active color rode
8287 647 Qriginai color under cursor
a~~i8 b4~ 5creen page
a 28 r 649 keyboard buffer max length
0288 650 Repeat flag - 0=cursor only - i2R=ail Keys
828 d51 I}elay before repeat occurs
6~8G ~5L Delay btwn repeats
~28~ b53 Shift flag byte
a 2£~E d54 Last shift pattern
628E 65~-6~6 Indirect for Key6aard table setup
6291 657 Shift mode switch - 9=enabled - 12~=1ocKed
0292 X58 Auto scroll dwn flagt0=on - ~:8=off)
8293 659 R5232 control register
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Hex Decimal Function

8294 6b8 RS232 Command register
8295 861-6~2 Hon standardtbittime/2-i98)
6297 b6~ RS-232 status register
b 298 664 Number of bits to send
829y 6b5-bbfs Baud rate full bit time
8298 eS67 RS-232 end of receiver pointer
029C 668 RS-232 start receive buffer
029D beS9 RS-232 start transmit ou#put buf
829E 678 R5-232 end of transmit buffer
929F b71-672 Hoids IRQ during tape operation
02F11 ti73-767 Program indirects
830 ?b8-769 Indirect error routine
882 7?8-771 Indirect warm start
8384 772-773 Indirect crunch BASIC
8306 774-775 Indirect toKen print
8388 776-777 Indirect new toKen
838A 778-779 Indirect symbol evaluation
839C 788 Temporary storage during SYS of A-reg
B38D 781 Temporary storage during SYS of X-reg
838E 782 Temporary storage during SYS of Y-reg
838E 783 Temporary storage during 5YS of P-reg
8314 788-789 IRGI vector
8316 798-791 BRK vector
8318 792-793 NMI vector
B31A 794-795 Open logical file vec#or
831 C 796-797 Close logical file vector
831E 798-799 Set input device vector
9329 888-$81 Set output device vector
0322 882-803 Reset default I/O
8324 884-885 Input from device
8326 886-8~7 Output to device vector
8328 868-889 Test STOP Key vector
932A 818-811 Get from Keyboard vector
832C 812-813 Close all files vector
832E 814-815 Basic USR command vector
8338 816-817 Load from device vector
832 $18-$19 Save to device vector
833C 828-1819 Cosset#e buffer
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8488 1824-4895 8K expansion RAM area
1688 489b-7679 User Basic area
i E88 7688-8191 Screen memory
~eee 8192-16383 8K expansion RAM/ROM b1ocK i
4888 16384-24575 £~K expansion RAHIROM b1ocK 2
6888 ~457b-;2767 ~K expansion RAM/ROM b1ocK 3
1888 4896-4687 Screen memory (RAM ?CIO
1288 4688- User Basic area (RAM J $IO
9488 37888-38399 Colour RAM LRAM > ~K)
899 32768-36863 4K character generator R4M
8888 32768-33791 Upper case and graphics
8488 33792-33815 Reversed upper case and graphics
8CA8 3584A-36863 Reversed upper and lower case
5+808 3b864-37887 I/O BLOCK 8
9888 3fi8fi4-36879 Address of VIC chip registers
9888 3b~b4 bits 8-~:horiz centrng/bit 7=interlace
9881 36865 vertical centering
9882 36866 bits 8-6=# cols/bit 7 part of scrn mem
9883 36867 bits i-b:# rows/bit 0 sets ~x~ or l6x~ chars
986 368b8 TV raster beam line
9805 36869 bits 8-3 start of character memory
989b 36L~7a Horizontal position of Light pen
9887 36871 Vertical position of light pen
9088 36872 Digitized value of paddle X
9809 38873 Digitized value of paddle Y
9A8A 3b874 Freque;►cy for oscillator i (low)
9888 36 75 Frequency for oscillator 2 imedium?
~00G 3b87b Frequency for oscillator 3 (high)
988D 36877 Frequency of noise source
90NE 36878 bits A-3=volume/4-7:auxilary color
988E 36879 Screen and border color register
91 f N 37136-37f 51 6522 VIA Ho.!
911 B 37136 Port B output registertuser port RS232)
9i 11 37137 Port A output register
9I 12 37138 Data direction register B
9113 37139 Data direction register A
91 ] 4 371 ~9 Timer 1 low byte
9115 37141 Timer i high byte
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Y116 ~j7142 Timer 1 law byte

9117 X7143 Timer i high byte
91 1 ~ 3 r 144 Timer 2 low byte

9119 371 ~5 Timer ~ high byte
911A 3?146 Shift register

G11 Ec X71 ~7 Aur,iliary control register

'~11C: 371~~ Peripheral control register

91 1 G 37149 Interrupt flag register

911E 3?156 Interrupt enable register

911 F 37151 Port A (sense cassette switch)

9128 37152-3x167 6522 VIA No. L

92 28 :i7I 52 Port B output register

9121 3? 153 Port A output register Keyboard row scan

9122 37154 Data direction register B

9123 37155 Data direction register A

9124 ~715fi Timer !.low byte latch

9125 37157 Timer i. high byte latch

9126 37158 Timer i. low byte counter

9127 3728 Timer i. high byte counter

9128 371 b9 Timer 2.iow byte latch

9I 29 37161 Timer 2.high byte latch

9121 3? 162 Shift register
9128 37163 Auxiliary control register

912G 371 b4 Peripheral control register

912D 3 r i b5 Interrupt flag register

912D 37165 Interrupt enable register

912E 37167 Port A output register

9488 37888-38399 Loca#ion of COLOR RAM {RAM i $IQ

9600 384613-38911 Normal location of COLOR RAM

9808 38912-39935 I/O block 2
9C0H 3993ti-40959 I/O h1ocK 3
~1~00 49Gb~-49151 Expansion ROM
C60N ~915~-57343 BASIC
C888 49152 Keyword action addresses

C04b 49222 Function action addresses

C874 49268 Operator ac#ion addresses

C:9y~ 49298 Keyword Table
C193 49555 Error messages
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C38R 59856 FOR - G05UB search stacK
C3B8 58184 Open memory space
G3FB 59171 Test stacK depth
G4@S 5d 184 ChecK available memory
0435 5 229 Send error message
C474 50291 Print READY.
0483 58387 New BASIC line processing
C533 56483 BASIC line chaining
G5ti0 58528 Receive line from Keyboard
C57C 50556 Tokenize BASIC line
CS13 58787 Search for line number
C642 56754 Perform HEW
G668 5A784 Perform CLR
C:~8E ~8~t.~0 Reset HA5IC execution to start-of-program
C69C 58844 Perform LIST
G742 5118 Perform FOR
C7ED 51 181 Execute BASIC statement
C:Bf D 5112 Perform RESTORE
C82C 51244 Perform STOP and END
C85? 512 7 Perform CONT
C871 51 ~ 13 Perform RlJN
C8~33 S 1331 Perform G05UB
CSAB 5] 368 Perform GOTO
C8C~2 51416 Perform RETt1RN
CEEB 51435 Perform DATA
G90~ 514~.L Scan for next statement
Cy69 51465 Scan for ner.t line
C~28 51496 Perform IF
C93B 51515 Perform REM
G~'4B 51531 Perform OH
~:9f B 515b3 Get integer from tent
C9t~5 51 b21 Perform LET
~A8~ 51840 Perform PRINfi#
CH$b 51845 Perform CMD
~~~H 5166 Perform PRINfi
C:B1E ~1'~9:= Print string from any memory
CB3B 5[627 Print format character
CB4D 52x45 Process had input
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GB7B 526yi Perform GET
CBAS 52133 Perform INPUT#
CBE~F 52159 Perform INPUT
GBF9 52217 Prompt &input
GC:a6 5229 Perform READ
CCFC 5247b Input error messages
~t~i E 52510 Perform NEXT
GD78 52b0~ Type match check
CU9E 52638 Evaluate expression
CEA$ 52984 PI in floating point
CEF1 5297? Evaluate within parenthesis
C~E~7 5298; Check for ")"
~:EFti ~2y~6 ChecK for "t°
CEFD 52989 Check for " - "
~~FO~i ~;~a00 Syntax, error

C:F 14 5361 ~ Search for variable name

CFA7 53159 Set up FN references

C~E6 53222 Perform OR
CFE9 53225 Perform AHD

Dk~ 1 d ~327~ Comparison routine

G07E 5:i'374 Perform DIM

D68B 53387 Locate variable

D11~o 53523 ChecK for alpha A5CII

D11 D 53533 Create new variable

17194 53652 Array pointer routine

D1t~5 5;~ob9 3276tj in floating point

D i BF 53695 FAC! to integer

D1 DI 537E 3 Find or Create Array

C~34C 5492 Compute subscript size

D37U 5141 Perform FRE

L~391 5~ib1 Integer to FACT

U j9E 54174 Perform POS

D3F;E~ 54182 Check for DIRECT mode

D3B3 5~1~5 Perform DEF
63Ei X4241 Check FN syntax

D3F4 54269 Evaluate FN

~4c~5 54.E r 3 Perform STRE

D475 54389 Calculate string vector

Psge D-9
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D~87 54407 Set up string
D4F4 X4516 Build string vector
(~~~~, 545b6 Collect garbage (maKe room for string}
DSBG 54717 ChecK string collection eligibility
Dti05 5798 Collect string
~iE3~i ~4~45 Concatenate string
D67A 599g~, Build string to memory
DfSfF j 54947 Discard unwanted string
D6DB 55~t~3 Clean the descriptor stacK
CytiE~ 55E~2C~ Perform ~HRS
6708 55p~}g Perform LEFTS
D72C 55034 Perform RIGHTS
U737 55095 Perform MIDE
D?bi 55137 Puil string parameters from stacK
U77C 55164 Perforn LEN
6752 551?8 Wxit string mode
U78E~ 55179 Perform ASG
D~ 9B 55145 Input byte parameter
D7AD 55213 Perform VAL
D; EEC 5~27~ Get PdKE/WAIT parameters
G7F7 55287 FACT to integer
D80D 55309 Ferform PEEK
D8~4 55332 Ferform POKE
U82D 55341 Perform WAIT
D849 5539 Add 0.5 to FAGi
U856 55376 Perform subtraction
D86r~ 55402 Perform addition
L~9~7 55b23 Complement FACT
G97E 55~,7~ Overflow
(~9g3 55683 Single byte multiply
I~9BG 55746 Floating point constants
G9Et~ 55786 Perform LOG
D~118 558~s3 Mulitply FACT *memory
Ur~36 55856 Multiply FAC2 # FAC1
DA59 55'&9? Multiply a bit
dA$C 559gg Memory to FAC2
DF~67 559g1 Adjust FACT/FAC2
6F~G4 50420 Underflow/overflow

P.q. D-~e
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DAE2 56834 Multiply FACT by !8
DAF9 56857 Constant i8
DAFE 568b2 Divide by !6
DBA7 56871 Divide FAC2 /memory
DBBF 56879 Divide memory / FACi
DB12 56882 Divide FAC2 / FACi
DBA2 5b226 Memory to FACT
DBD7 56247 FACT to memory
DBFC 56316 FAC2 to FACT
DCBF 56335 FAC! to FAC2
DC1 B 56347 Round off FACT
DC2B 56363 Get sign
DC39 56377 Perform SGH
DC58 56488 Perform ABS
DC5B 56411 Compare FACT to memory
DC9B 5+5475 FAC! to integer
DCCC 56524 Perform IHT
DCF3 56563 ASCII to FACT
DD7E 5b782 Get new ASCII digit
DDB3 56755 Constants
DDDD 56797 FACT to ASCII
DFi 1 57195 More constants
DF71 57281 Perform 5QR
DF78 57288 Perform exponentiation
DFB4 57268 Perform negation
DFBF 57279 More constants yet
DFED 57325 Perform EXP
E848 57488 Series evaluation
EA 8A 57482 RND constants
E894 57492 Perform RND
E261 57953 Perform COS
E268 57968 Perform SIN
E2B1 58833 Perform TAN
E2DD 58877 Constants for trig functions
E38B 58123 Perform ATN
E336 58171 Constants for ATN
E378 58232 Initialize RAM vectors
E387 58247 CHRGET for zero page

Ptg~ D-i!
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E3A4 58276 Initialize BASIC
E429 58489 Messages
E44F 58447 Vector initialization
E467 58487 Warm restart
E476 58582 Program patch area
E4AB 58528 Serial output °i"
E4A9 58537 Seriai output "8"
E4B2 58546 Get serial input 8~ c1acK
E46C 58556 Program patch area
E588 58624 Set 6522 addrs
E585 58629 Set screen limits
E58A 58634 TracK cursor location
E518 58648 Initialize I/O
E54C 58788 Normalize screen
E55F 58719 Clear screen
E581 58753 Home cursor
E587 58759 Set screen pointers
E5BB 58811 Set I/o defaults
E5C3 58819 Set vic chip defaults
ESCF 513831 Input from keyboard
Ef4F 58959 Input from screen
EbBB 59864 Quote marK test
E6C5 59877 Set up screen print
EbEA 59114 Advance cursor
E715 59157 Retreat cursor
E72D 59181 BacK into previous line
E742 59282 Dutput to screen
E8C3 X9587 Go to next line
E8D8 59688 Do ̀RETURN'
E8E8 54624 ChecK line decrement
E8Ft~ 59674 ChecK line increment
E912 59646 Set colour code
E921 59681 Colour code table
E929 59689 Code conversion
E975 59765 Scroll screen
E9EE 59886 Open space on screen
EASG 59998 Move screen line
EA6E 68814 Synch colour trans4er
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EA7E 68838 Set start-of-line

EA8~ b8845 Clear screen line
EAAi 68865 Print to screen
EAAt~ 68874 Store on screen
EAB2 b0882 Synch colour to char

EABF b8895 Interrupt (IRt~
EBI E 60198 ChecK Keyhoard
EC88 66416 Set text mode
EC4£~ b8486 Keyboard vectors

EC5E 685!8 Keyboard maps
ED21 b0705 Graphics/text control

ED38 68728 Set graphics mode

EDSB 69783 Wrap up screen line

ED6A b8778 Shifted Key matrix
EDA3 68835 Control Key matrix
EDE4 68988 Vic chip defaults
EDFD b@ 925 Screen line adds low

EE14 68948 Send'taiK`
EE17 60951 Send 'listen'
EE1C 68956 Send control char
EE44 b1881 Sind to serial bus

EEB7 6! 121 Timeout on serial
EECB b1128 Send listen SA
EECS 61125 Clear ATN
EECE 61 S 34 Send ta1K SA
EEE4 6i 156 Send serial deferred

EEF6 61174 Send 'untalK'
EF84 61188 Send 'uniisten`
EF19 61289 Receive from serial bus

EF84 61316 C1ocK line on
EF8D 61325 C1ocK line off
EF9d 61334 Delay i ms
EFA3 61347 R5232 send !NMI)

EFEE 62 422 New R5232 byte send

F616 61462 Error or quit
F827 61479 Compute bit count
F636 81494 RS232 receive tNMI)

F85B 61531 Setup to receive
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F09D 6i 597 Receive parity error
F9F;2 oid6~ Receive overrun error
FDAS 61695 Receive break error
F~H8 b1608 Receive frame error
FbB9 Ei E25 Bad device
F6BC ti1628 File to RS232
FE+ED b! 677 Send to RS232 buffer
Fi l b .si ; 1 ~ Input from R5~32 buffer
F14F ti1775 Get from RS~32 buffer
F 1 od 5 i 79~~ Check serial bus idle
F174 Gi~if2 Messages
F 1 E~ X1922 Print if direct
FiFS 619g1 Get..
F2E~5 6195' ..from RS~3~
t2C~E 619b6 Input
F~58 6203E Get..iape/serial/R5232
r17;~ ti2t37~ Output..
F2~0 S:'_k39h ..to tape
~1~7 a2~ =1 Set input device
F3t~9 ti2~17 Set output device
r 34A 62282 Close
t=3CF 6215 Find file
F3DF 51431 Set file values
F3EF 6447 Abort all files
F iF3 62451 Restore default I/O
F40A S~4 r 4 Do file opening
~~95 62613 Send SA
F~~? 52oe3 Open R523~
F~42 fs1?s~ Load program
Fb47 ~3l~4i ~5EARCHING`
F659 d36b~ Print file name
FSbA 5'i6~2 `LOADING/VERIFYING'
F~?5 b3~9~3 Save program
F?2~3 5;i2?2 `SAVING'
F?34 53284 Bump cloclt
F7b6 03323 Get time
F7b7 b3335 Set time
F77fl 63344 Action stop key
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Fr7t ti5~~358 File Error Messages

F7R~ d34~7 Find any tape Deader

F~ E; ~~~4b~3 Write tape header

F8~}D 63565 Get buffer address
F85~ X3572 Set buffer start - end pointers

F857 635y1 Find sRecific header

F.3~sh b~~S24 Bump tape pointer

F894 ~~~~'~5 'PRESS PLAY'
FB~B c3659 ChecK cassette status

F8B7 5:~b7i 'PRESS RECORD'
Fc~C:~ E~~3~~~0 Initiaie taRe read

F8E3 4371 ~ Initiate tape write
FSF4 X3732 common ta¢e read/write

F94B X381 ~ Check tape stop
F9~G 63~ i7 Set timing
F9ttE d388b tread bits QRQ)
FF;t~G o~l?~~ Store characters

FBUG o446b Resei pointer
F~cDE~ 64~i; 5 New tape character setup

FBEr~ o~49Q Toggle tape
FCOfi b~518 Data write
FC;aC~ X4523 Tape write tIRQ)

FrgS i~}h~il Leader write tIRt~

FC~F b47iG Restore vectors
FCF~ -.4; 5:~ 5et vector
FD9$ 6477 Kiii motor
FCri 1 64785 ChecK readlwrite pointer

FU1 B 64795 dump read/write pointer

FU22 64882 Powerup entry

F~3F 64~3i ChecK A-ram
FD52 64~S5Ef Set kernal2

FGBD 6~9~9 Initialize system constants

FDF1 E~5009 IRQ vectors

F~F9 fi~~ 17 Initialise I/O reps

FE~9 65W97 Save data name

FE56 65164 Save file details
FE`7 X5111 Get status
FEfi6 65126 Flag ST
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rEbF 85135 ~ettimeout
FE73 65139 Read/set top memory
FE8E ~?J1 J~ Readlset bottom of memory
FE91 551 b9 Test memory location
FE~~ ~51G3 KMI inferruDt entry
FED2 ~~2~3~1 RESET/STOP warm start
FEUE 6~2a6 NMI RS232 sequences
F~SeS X5366 Restore & er,it
rF`~= 653?2 R523~ timing table
FF?2 ,55:94 Main IRO entry
FF8~ 6541 ~ Sumbo ,jump table
FFFA 5553a Hardware vectors

Page D-16
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Sample Bit—Mapped plotting

The following programs are an e>;ample of a machine language

subroutine: callable by either HASIC or machine language, and a HASiC

program which incorporates and use= the rou#ine. The machine language
program is designed to #urn on individual pis:els based on a r, and y
bit-position passed from the calling routine. The routine assumes
that the character pattern table has been set up to s#art at location

5128. This is set as an Et~U IaGeled CH. Changing the EQU is all that
is necessary to change the routine to use another area. It also
assumes that ttte >; and y ~i~ positions have been stared as numbers in
the range of 8-127 in locations 1 and 2. The upper Ieff corner of the
screen is considered fit position 0,6 and the lower righ# is position
127,127. Location zero is used as a mode switch. If the value
contained there is greater than l27, the pixel at the specified
coordinates will be set on. If it is less than 12~ fhe mode is erase

and the dot will be turned off.
The BASIC program which calls the plot routine has ̀the

responsibility of set#ing up the screen parameters. The character
memory is set up to begin at 510 and the screen memory is set up to

begin at 409b. The screen size is set at ib lines by ib columns. All
of these func#ions are accomplished with the four Pi7KEs in Line l05.

The foreground color is set at b1acK for all scren positions by
statement 110. The screen codes are pre-initialized fo 8-ASS, the top

left corner of the screen having value 8 and the bottom right having

255. This is done in statement 138. Statement 148 and i50 are the

mainline of the program and simply cause a line to be drawn from the
upper left corner to the lower right and be erased repetitively.

The BASIC program:

195 P0J2E 368b9,205: POKE3b~:d4,11: POKE 36Rb5,36: POKE 3b:~b6,i6:

POKE 3667,32
! 18 FOR I = 37d~d TO 37:j8`i + 595: POKE I,O: NEXT
129 FOR I = 5i28 TO 71c7: POKE I,O: KEXT
139 FOR I = 4996 TO 489b + Z55: POKE I, I - 4896= NEXT
148 POKE 8,12~i: G05UH 150= PUKE 0,0: G05UB i5@= GOTO 148

150 FOR I = 0 TO 127: POKE i,i: PGKE ~,I: 5YS 9$89: NEXT=
RETURN
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The machine language program:

1 M06E EGlU ~3
V::C EQU 1

3 V''( E Q U 2
4 LG EQU 3
5 HI Et~U ~
6 CH EQU 5128
r EI~U 4Q68
F~ LDA #0
~ STA CHI
1 ~! LDA ~-tJY
li AIVD #3F8 8 * INTtYI8?
12 LD:K #3
13 LP ASL t~
1~ ROL EHI * RC1W-DISP = 16*C8*INTCY'r`~7)
15 DEX
1 fi BPL LP
17 STA ELG
18 LDA ~V:~
19 AND:~FB CDL-DISP = 8 * INT fXl8)
26 t~UC ELO ~
21 STA ELU * RQW + GOL
22 BCC H
2:~ INC CHI
24 H LDA EUY'
25 CLC
26 AND #7 * CHAR PATTERN ROW
27 A6C ?-L~~
28 BCC H2
?9 ING CHI
30 H2 CLC
31 RUC #GH
32 STr~ ELO
33 LGA EHI * F~GGRESS = CH+GISPLAC:Eh1ENT
34 ADC #CH1256
35 STA ~-H i
3b LDA FVX
37 APJD #7 8IT POSITION
3~i TAX
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39 LDY #9
48 TYR
41 5EC
42 ROR ROR R * POSITION THE BIT
43 DEX
44 BPL ROR
45 BIT FMODE SET OR F~ESET

46 BMI ORA
47 EDR #OFF ~
48 AND rL0),'f * RESET
49 STA i LO) ,'Y
58 QRR ORA {LO>,Y
51 STA {LQ),Y
52 RTS ~ RETURhJ TO BRSIC

Explanation:

The screen has ib rows a4 !b characters each. Each character
has eight rows of eight dots each. The screen memory contains a

sequential set of character codes, from 0 to 255. The first sixteen
of the screen codes index the character patterns which will appear on

the top line, the second sixteen referencing the patterns which will
appear on the second line, etc. So, character pattern #8 is the

pattern for the upper left eight by eight b1ocK o4 dats and character

pattern #i is the 61ocK to the right of that and character pattern #ib

is the pattern of dots far the b1ocK #selaw it and so forth till

character pattern #255 which describes which pixels will be

illuminated in the bottom right corner of the screen.
The above machine language subrou#ine computes which pattern

corresponds to any given X and Y do# coordinate. It also computes

which byte within the eight-byte pattern holds the dat in question and

which bit position within that byte to turn on or off.
The Y value represents how far from the top of the screen the

dot is located. If it is in the range of 8-7, the dot is in the first
row of characters. If is is 8-f5, it i~ in the second row, etc. So to

find the row Y must be divided by S.
Each row of characters contains ib patterns across the screen and each

pattern tontains eight bytes of data. So, for every row, the position
within the table increases by 8 times ib or 128.
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Ttse ad~+ress of the appropriate byte o4 the table to modify is
built in the two-byte field labeled LQ and HI. Statem~r:t~ 18-47
compute the displacement into the table due to the Y valueo 5tatem~nt
i i strips the law-order three bits from the Y-value. This
aecompli~hes both the initial d,vision by $ to find the row-number and
the multipiicaticr. by eight. If we now multiply this "stripped" value
o,~ Y by !b, we will get the "row-displacement" into the character
table, 'phis is exactly what ~tatemen#s !2-ib do. This is a four-bit
left shift. Every time ~ number is shifted lift one bit the number
increases in value by a factor of #wo. So, a four-bit shift is a
multiply-by-16 operation. Hote that the tarry bit is the
communication between the twa bytes o4 the shift operation. The bits
which ceme off the left of the A-reg get shifted into the byte at HI.

The X value tells us how #ar into the row we must go to ge# the
proper character within the row. An ~i value of B-7 would address the
4iPst character within the raw. A value o4 8-35 would address the
seeond, etc. Dividing the X-value by 8 gives the character position
within the row. Each character has eight bytes of information
associated with it in the pa#tern table, so we have to multiply the
character position by eight to get the displacement into the row.
Statement !9 effectively accomplishes both functiorss at the same time.
It strips the low-order three bits, which is liKe shifting right three
bits (division by eight) then shifting bacK left again (multiplying by
eigh#). This charac#er ~osi#ion within the row is added to the "row-
displacement" previously computed based on the Y-vtlue. The result
goes bacK into HI-L0.

Next, the by#e within the character pattern must be computed
and added into the displaeement value being built. Each byte within
the character pattern description describes a different row of bits or
pixels on the screen. The Y value contains the row information. In
fact, the low-order three bits may be seen to be the "[haracter rvw"
value. They may lhave the value of 8-7, To strip b~f the high-order
bats, the instruction at statemeht 2b is employed. This value is then
added to the displacement.

Haw: in s;at~m~nts 38-8~, t;,e address cf the start of the
character pattern table is added to the displacement within the table
to get the address of tf?e actual byte to modify.

The only thing remaining is to get the actual bit within the
byte and either turn it an or off as indicated by the mode switch in
location 8. The low-order three bits of the X-value may be considered
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the bit-position. Statements 3b-38 strip off the high-order bits and
transfer the value into the X-reg where it will be used as a counter.
Statements 41-44 si~ift the carry bi# in#o the A-reg. The carry bit
will end up the same number of bit positions from the left as the
value created in the X-reg. This byte can now be used to modify the
byte we have just computed the position of. The BIT instruction #gists
the high-order bit of location 8 to see if a set or a rese# of the
specified bit is required. If it is a reset, the bits in the A-reg
are flipped so the AND instruction can set the proper bit off: Reca21
that AND needs zeros in the bit positions which need to be turned off
and ones in the bit positions which need to remain unchanged.

If a "set" is requested, the OF2A instruction will accomplish
the deed. Finally, we return from whence we were called by the RTS.
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Alternate Load Addresses

BA5IC Programs may be readily loaded into any piece of RAM
large enough to accomodate them. In fact, many different BASIC
pragrams may be in memory at the same time but in different places.
The program which is "current" in the system at any one time is the
one which is pointed to by the "start-of-BASIC" pointer at 43,44,
Loading a program into an alternate location is simply a matter of
changing 43,44 to point to the address where you wish the program to
load.

To get the program to RUN in the alternate space requires an
additional operation. The byte immediately preceeding the program
load address must have the value "388". Without doing this, RUNning
the program will produce a SYNTAX? ERROR.

So, the procedure is:

POKE 44,xxx/25o: POKE 43,hr,x-PEEK(44)#256: POKE xxr,-i,@:CLR

where rxx is the address you wish to load the program into.

When SAVEing a program, the entire memory space between the
addresses at 43,44 and 45,40 will be SAVEd. If is thus possible to
SAVE multiple programs as ane large memory load.



UPGRADE OFFER

There are three upgrades possible to the standard version of Llevelop-

~8.

If you have acassette-based version, you may exchange it for the

disKette version. The disKet#e-based version supports Assembly and

load module files on diskette as opposed to the cassette-based version

which will only support cassette files.

The extended-feature version requires at least tiK to run (minimum

e>:pansion memory of 3K~. Its main benefits are the ability to switch

rapidly between Editor and Assembler modes without having to save the

Assembly program then Load the Assembler which then will have to re-

load the Assembly program. The Editor and Assembler are combined into

one program. The other feature provided with the extended-feature

version is the ability to directly POKE the machine language output

from the Assembler into the VIC's memory without having to save it as

a Load module for input by the Loader. The POKE option is added to

and does not replace the 5AVE feature of the standard version.

The cost of the extended-feature upgrade is X18,@8. RS-232 Printer

suport is available with the extended-feature version for an

additional fS.88. The disK version upgrade is f5.98. Ail feature

option prices are additive. So disK and extended features and RS-232

is S2@.88.

To receive the upgrades, you need only return the original cassette or

diskette along with your checK or money order {U.S. Funds) or VISA/MC

number/expiration date.

Send the magnetic media and the payment to:

French Silk

P.O. BOX 297
Canr~on Falls, MK 55889

If you do not wish to take advantage of the exchange offer but would

liKe to be an the mailing list for future products, send us your name

and address. We will be happy to include you in our future mailings.



iVI

P.O. Box 207, Cannon Falls, MN 55009


